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The polypeptide composition of goat erythrocyte membrane was 
studied using sodium dodecyl sulphate-polyacrylaraide gel electrophore-
sis (SDS-PAGE). Ihe major polypeptides migrated as their respective 
counterparts of the human erythrocyte membrane. An additional band of 
Mr 160,000 was, however, present in the goat erythrocyte membrane. 
More marked differences were evident in the Periodic acid- Schiff's 
(PAS)-positive glycopeptides. The major glycopeptide component of goat 
red blood cell membrane exhibited very low mobility corresponding to 
a molecular weight of 310,000. Ihere was present no PAS-positive 
component corresponding to the major glycoprotein of human red 
blood cell membrane. Significant staining was, however, observed in 
the regions corresponding to PAS-2 and PAS-3 of the human red blood 
cell membrane. 
Among the various mammalian red blood cell membranes investiga-
ted, the goat and sheep red blood cell membranes exhibited neither 
significant crosslinking nor proteolysis in response to 2.5 mM Ca2+. 
Very marked crosslinking could be observed in the human red blood cell 
membrane under these conditions. Most extensive proteolysis was, 
however, noticed in the case of rat red blood cell membranes. No 
significant crosslinking could be observed even when the goat red 
blood cells were loaded with Ca2+ with the help of the ionophore 
A23187. Ihe membrane-free hemolysates obtained from goat red blood 
cells treated with calcium and ionophore A23187, were, however, 
capable of inducing crosslinking and proteolysis in partially washed 
human red blood cell membranes. Incubation of washed goat red blood 
cell membranes with membrane-free human red blood cell hemolysates in 
presence of Ca2+ also caused significant protein crosslinking and 
presumably degradation of the membrane proteins . Goat red blood 
cells, unlike those of humans, did not undergo any shape change v^en 
exposed to Ca2+ and the ionophore A23187. 
The goat red blood cell membrane exhibited barely detectable 
(Ca2+ +Hg2+)-ATPase activity; The activity was about 200-fold less 
than that of human red blood cells. As compeared to human red blood 
cells, the goat red blood cells contained 3-5 fold more intracellular 
Ca2+. 
Band 3 pol3^eptide from goat red blood cell membrane despite its 
apparent similarity on the SDS-PAGE to its human counterpart, differed 
significantly from the latter in many respects. It was resistant to 
proteolytic fragmentation when the intact goat red blood cells were 
exposed to proteinases. Amino acid analysis revealed that goat band 3 
is more polar and less hydrophobic and contained half as many cysteine 
residues as that of human band 3. Ihe protein also contained higher 
amounts of carbohydrates as compared to the human red blood cells. Ihe 
membrane glycopeptides were also highly resistant to proteolysis and 
there was hardly any difference between the polypeptide composition of 
membranes isolated from protease-treated or untreated goat red blood 
cells. Goat red blood cell ghosts were, however, quite susceptible to 
proteinase action which was more marked with pronase treatment. 
Proteinase treatment of the alkali-stripped goat red blood cell 
membrane yielded a prominant band of Mr 55,000 which might represent 
the cytoplasmic domain of band 3. 
Unlike in the case of human and other mammalian red blood cells, 
the -SH oxidants, diamide (5 mM), Cu2+. o-phenanthroline (5 mM Cu2+, 
50 /UM 1,10, o-phenanthroline) and phenylene dimaleimide (0.4 mM) 
failed to crosslink the goat band 3 to oligomers. Dimerization or the 
formation of the higher oligomers was also not observed when the 
spectrin-depleted goat red blood cell membranes were subjected to the 
diamide treatment. The oligomeric material formed in response to 
diamide treatment, did not contain band 3 but migrated as spectrin and 
the band corresponding to Mr 160,000 in SDS-PAGE in presence of 
B-mercaptoethanol. Goat band 3 protein, either extracted from the 
membrane with Triton-X 100 or that isolated from preparative PAGE 
could not be crosslinked with 5 mM diamide. There was no significant 
decrease in the number of -SB. groups of the band 3 protein as a result 
of diamide treatment. A preliminary study indicates that the isolated 
band 3 was resistant to dimerization /oligomerization on treatment 
with glutaraldehyde. 
Antibodies raised against pure goat band 3 protein did not cross-
react with the red blood cell membranes derived from other mammals 
including human, rabbit, rat or mice. However, crossreactivity was 
noticed with solubilized sheep red blood cell membrane. Antigoat band 
3 antisera crossreacted strongly with goat band 3 protein but not with 
spectrin or band 4. Significant crossreactivity was, however, observed 
with Mr 160,000 polypeptide. 
These studies suggest that the goat red blood cells differ 
substantially from that of human and other mammals in a number of 
important characterstics including Ca2+ -mediated effects as well as 
structure/organization and presumably the functions of the band 3 
protein. 
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INTRODUCTION 
The mammalian red blood cell (rbc) affords a simple, experimen-
tally accessible and useful membrane system for the study of many 
biological processes involving membrane. Advances in understanding the 
structure and specific function of rbc membrane such as transport of 
ions and various other substances, lipid-protein interaction, surface 
antigenicity, membrane fusion and aging have helped in providing the 
knowhow of diagnostic and therapeutic importance. 
The rbc originates from the bone marrow and loses its nucleus, 
other organelles and several cytoplasmic proteins during maturation 
through an intricate process of differentiation. In the absence of 
these, the mammalian rbc relies merely on plasma membrane for its 
shape (Lux, 1979). Normal human rbcs have a typical biconcave disc 
conformation termed as discocyte. The mechanism of resilience of rbc 
depends on the mechanical properties of its plasma membrane which 
behaves like semisolid with elastic properties (Kirkpatrick, 1976). 
During its circulation, the human rbc acquires an ellipsoidal 
morphology owing to the force of blood flow (Weed, 1973). The rbc 
recovers from mechanical deformability and assumes its equilibrium 
form (discocyte) within fraction of a second, once the deforming force 
is eliminated. The ability of rbc membrane to store energy during 
brief periods of deformation occurring during the circulation and then 
returning to original shape is one of the important causes of its 
longevity (Sheetz and Singer, 1977). The elastic properties of the 
mammalian ^ rbc membrane are not restricted by intracellular 
cytoskeletal network of proteins but are mostly attributed to the 
matrix of membrane proteins (Kirkpatrick, 1976; Fischer, 1978). The 
human rbc ghosts prepared according to Dodge et al. (1963) contain 
about 50% proteins, 43% lipids and 7% carbohydrates. 
Carbohydrates are among the major components of the mammalian 
rbc membrane and are confined to the exterior surface as oligosaccha-
ride moieties of glycolipids and glycoproteins (Sweeley and Dawson, 
1959). Glycolipids are strongly bound to the membrane and constitute 
about 5-10% of the total membrane lipids. The sugar containing lipids 
in rbc membrane are chiefly glycosphingolipids. The glycoproteins 
comprise approximately 10% of the human rbc membrane protein. The 
sialoglycoproteins contain most of the rbc sialic acids and comprise 
of about 60% carbohydrate and 40% protein. The carbohydrates include 
galactose, N-acetylgalactosamine, mannose, fucose and sialic acid 
(Marchesi et al., 1972). The carbohydrate portions of glycoprotein 
molecule are linked to the polypeptide portion by bonds between 
N-acetylglucosamine and serine or threonine (alkali labile) or by 
bonds between asparagine or aspartic acid and acetylglucosamine 
(alkali stable). Carboxyl groups of the sialic acid residue which are 
associated with the major rbc membrane glycoproteins are responsible 
for most of the negative charge on the rbc surface. The 
sialoglycoproteins are also responsible for the antigenic determinant 
properties and provide binding sites for viruses and lectins (Marchesi 
et al., 1971). 
Studies on rbc membrane lipids have been quite extensively revie-
wed (Stephen et al., 1972; Op den Kamp, 1979). The rbc lipid composit-
ion is rather complex due to the occurrence of several variants both 
in polar and nonpolar moieties of the molecule. The amount of total 
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lipid in 10 cells is about 5 mg which may be comprised of approxi-
mately 30% neutral lipids, 60% phospholipids and 5-10% glycolipids 
(Cooper, 1969). Free cholestrol comprises the major component of the 
neutral lipids in rbcs. It is randomly distributed and present through 
out the thickness of the rbc membrane (Higgins et al., 1973). The 
various phospholipids including the glycero- and sphingolipids 
including lecithin, cephalin, phosphatidylserine and sphingomyelin 
constitute the main subclass of phospholipids. Kramer et al. (1972) 
have reported that it is the membrane proteins which may partially 
determine the lipid composition of the membrane; choline 
phospholipids, phosphatidyl choline and sphingomyelin are mainly 
located in the outer lipid layer where as aminophospholipids i.e. 
phosphatidyl serine and phosphatidyl ethanolamine are preferentially 
found in the inner layer (Op den Kamp, 1979). Kiosphoinositide is also 
restricted to the inner leaflet of the bilayer (Op den Kamp, 1979). 
The rbc membrane contains atleast 20 different polypeptide chains 
held together and to membrane lipids by ionic, dipole and hydrophobic 
forces. Fairbanks et al. (1971) identified and numbered the major 
membrane polypeptides on the basis of their mobility in the 
polyacrylamide gel. The polypeptides corresponding to band 3, PAS-1, 
PAS-2 and other minor glycoproteins are transmembrane proteins 
embedded in the lipid bilayer. The polypeptides corresponding to 
spectrin (bands land 2), ankyrin (bands 2.1, 2.2,2.3), 4.1, 4.2, 4.9, 
actin (band 5) ,6 and some other trace polypeptides are confined to 
cytoplasmic surface and are extrinsic. Among extrinsic, spectrin, 
band 4.1, band 4.9 and actin constitute the membrane cytoskeleton 
(Sheetz, 1979). 
The major polypeptides of human rbc membrane have been isolated 
and thoroughly studied. Biological roles for several among these have 
also been established. 
Spectrin (bands 1 and 2) - Spectrin is the major component of the 
human rbc membrane and occurs as a stable dimer of two similar but 
chemically distinct polypeptides. The two polypeptides, bands 1 (Mr 
240,000) and 2 (Mr 220,000) are oriented as parallel and intertwisted 
(Marchesi, 1974) forming 10 nm long and 2.5 nm wide rods (Shotton et 
al., 1979). Spectrin is believed to be atleast tetrameric in situ and 
the association of dimers occurs end to end (Morrow and Marchesi, 
1981). Dissociation of spectrin to dimers leads to the fragmentation 
of cytoskeleton (Liu and Palek, 1980). 
Ankyrin (bands2.1, 2.2, and 2.3) - Band 2.1 (Mr 210,000) is found in 0 
situ in the monomeric form (Bennett and Stenbuck, 1980). The band 2.1 
polypeptide is believed to connect membrane skeleton with band 3 of 
intrinsic domain (Morrow et al., 1980). However, not much is known 
about the structure and associations of band 2.2 and band 2.3 of 
ankyrin. 
Band 4.1 - The band 4.1 of Mr 78,000 is a globular molecule of 6 nm 
diameter (Tyler et al., 1979). Band 4.1 is believed to participate in 
the interaction of spectrin with actin (Wolfe et al., 1980). Each 
spectrin dimer has one binding site for band 4.1, located at the free 
end of dimer-dimer complex (Tyler et al., 1979). 
Band 4.2- This corresponds to the protoraer (Mr 72,000) of a tetrameric 
protein of unknown function. Band 4.2 polypeptides remain associated 
with the cytoplasmic region of band 3 protein. 
Band 4.9 - A further putative component of membrane skeleton is band 
4.9 (Mr 48,000). Liu and Palek (1979) have reported its in situ 
association with band 2 of spectrin. 
Actin (band 5) - Band 5 polypeptide (Mr 43,000) is also a component 
of membrane skeleton and forms short oligomers containing about 10 
molecules in filamentous form (Brenner and Korn, 1980). Each spectrin 
tetramer has two actin binding sites at the free end. Ihis polypeptide 
has been shown to play a major role in shape change of rbc. 
Band 6- This is a monomer of glyceraldehyde-3-phosphate dehydrogenase. 
Ihis enzyme is a tetramer of Mr 35,000 subunits which binds to 
spectrin-actin complex and to band 3 (Yeltman and Bferris, 1980; Murthy 
et al., 1981). It binds loosely to the membrane and can be readily 
eluted with high ionic strength solution (Fairbanks et al., 1971). 
In addition to these pol3^eptides, there are a number of glyco-
peptides present embedded into lipid bilayer of rbc membrane. Ihey are 
band 3 and other glycoproteins which are designated as PAS-1, PAS-2, 
PAS-3 and PAS-4 (Fairbanks et al., 1971). Among PAS-positive 
polypeptides, glycophorin A is the major protein and constitutes about 
three-fourth of the total sialoglycopeptides of the membrane 
(Furthmayr et al., 1975), The work has been extensively reviewed 
(Marches! et al., 1976). 
Band 3 - It is the major intrinsic protein (Mr 95,000) and amounts to 
50-60% of the intrinsic protein. It functions as an anion transporter 
and is among the best characterized proteins of human rbcs. As 
shown in Fig. 1, human band 3 consists of a membrane bound domain of 
Mr 52,000 and an N-terminal cytoplasmic domain of Mr 43,000 (Steck et 
al., 1976; 1978; Fukuda et al., 1979). The cytoplasmic domain is 
water soluble and does not appear necessary for transport function of 
band 3 (Lepke and Passow., 1976; Grinstein et al., 1978).Ihe membrane 
associated domain facilitates the exchange of chloride for bicarbonate 
across the rbc membrane.This rapid exchange allows the rbc to function 
as a carrier of the bicarbonate derived from respiratory C02 from the 
tissues to the lungs. In addition, it has been proposed that this 
exchange is important for regulating the post capillary pH of rbc 
during gas exchange (Crandall and Bidani, 1981; Crandall et al., 
1981). Band 3 protein is also believed to facilitate the movement of 
water across the rbc membranes (Benz et al., 1984; Benga et al., 1982; 
Solomon et al., 1983). Ihe band 3 carries antigenic determinants 
important for blood groups specificity and senescent cell recognition 
Thus in addition to carrying the A,B and 0 blood group (Childs et al., 
1978; Krusius et al., 1978), band 3 also exhibits the Rh (Victoria et 
al., 1981). Furthermore, band 3 is thought to be the senescent cell 
antigen recognised by autologous antibodies directed against aged or 
abnormal cells (Lutz, 1981; Low et al., 1985). The transport activity 
of band 3 appears to require only the membrane domain (Grienstein 
et al., 1978). The cytoplasmic domain is responsible for two 
functions. The aminoterminal portion of this domain binds several 
glycolytic enzymes (Yu and Steck, 1975a) as well as hemoglobin 
(Shakalai etal., 1977a). The binding of hemoglobin to band 3 is found 
to be reversible and electrostatic in nature (Shakalai et al., 1977b). 
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Salhani and Shakalai (1979) have shown that there are 1.4 ± 0.2 X 10 
Hb binding sites per cell. Ihe cytoplasmic domain also possesses the 
binding sites for band 4.2 (Yu and Steck, 1975b) and ankyrin which 
in turn interacts with spectrin and thus aids in anchoring the 
cytoskeleton to the membrane (Hargreaves et al., 1980). 
Band 3 has a single branched carbohydrate chain of an average 30 
sugar residues in size having molecular weight of 5,500 (Fukuda et 
al., 1984a; 1984b). The oligosaccharide is located on asparagine side 
chain of an exposed region of the protein which extends 40-50 A above 
the external lipid surface of the membrane (Weinstein et al., 1980). 
For several years, human band 3 has been regarded as exclusively 
a stable monovalent dimer both in the rbc membrane and after solubili-
zation by nonionic detergents (Steck, 1978). Furthermore, it has been 
demonstrated that band 3 protein isolated either in acetic acid or in 
nonionic detergents is in a monomer/dimer/tetramer association equili-
brium and the same association behaviour has been suggested in the 
intact rbc membrane (Pappert and Schubert, 1983). It has often been 
assumed that this dimer is the functional unit of anion as well as 
of water transport occuring along the interface between the subunits 
of the dimer (Klingenberg, 1981; Solomon et al., 1982). However some 
workers have also suggested that the functional unit of anion trans-
port may be the protomer of band 3 (Jennings and Passow, 1979; Macara 
and Cantley, 1981). Electron microscopic studies have revealed that 
in the rbc membrane, band 3 may partly or even predominantly, exists 
in the form of dimer/ tetramer (Dissing et al., 1979; Macara and 
Cantley, 1981). This is indicated by the fact that the number of the 
P-face intramembranous particles observed in freeze-fracture electron 
microscopy, is fewer than the number of copies of band 3 polypeptide 
(Weinstein et al., 1980). The number of particles is consistent with 
either dimeric or tetraraeric band 3. Fluorescence resonance energy 
transfer measurements have also shown that the neighbouring band 3 
protomers are closer to each other than would be predicted if the 
protein is monomeric (Macara and Cantley,1981). Evidence for oligome-
ric structure of band 3 has also been derived from the chemical cross-
linking studies (Wang and Richards, 1975; Ji, 1979). 
The band 3 -mediated anion exchange in human rbc seems to take 
place by oscillation between two different conformations of band 3 in 
which internal (cytoplasmic) anions bind to the transport site and 
another in which external anions may bind. The system is asymmetric in 
that more transport sites face the inside than the outside (Knauf et 
al., 1984). Human rbc band 3 contains atleast seven transmembrane 
segments (Jennings et al., 1984) which probably form a channel 
structure. This structure contains a gating mechanism, possibly formed 
by guanidino- and carboxy- groups which prevent free diffusion and 
which "catalyses" a strict one for one exchange of anions. The 
Fig.l 
Topology and sites of chemical labeling and 
proteolytic cleavage of band 3. Ihe model for the 
topology of band 3 is based on the established 
locations of sites of chemical labeling and 
proteolytic cleavage of band 3 and on the 
hydropathy plot of murine band 3 sequence (Jay 
and Cantley, 1986). 
Abbreviations- AD, adamantane diazirine reactive 
sites; Ank, ankyrin binding site; Ch, 
chymotryptic cleavage site; CHO, glycosylation 
site; CCXDH, carboxy terminus; DIDS, covalent 
stilbene disulfonate labeling site; GE, 
glycolytic enzyme binding site; Hb, hemoglobin 
binding site; LI, lactoperoxidase-catalyzed 
radioiodination site; Met, methionine; NAc, 
N-acetylated methionine at the amino terminus; 
NT, NAP-taurine labeling site; Pa, papain 
cleavage site; pH, PH-sensitive hinge region; 
PITC, phenyl isothiocynate labeling site; RM, 
site of reductive methylation of lysine; SH, 
cysteine; Tr, tryptic cleavage site; Trp, 
tryptophan; WSC, water-soluble carbodiimide 
reactive site; XL, site of DIDS crosslinking. 
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original identification of human rbc band 3 as the anion transporter 
was based upon labeling with specific inhibitors (Cabantchik et al., 
1978). Inhibitors like stilbene disulfonate have been useful tools in 
further characterizing the transport system. Ihe derivatives 4,4'-
diisothiocyanostilbene- 2,2'- disulphonate (DIDS) and 4,-acetamido-4'-
isothiocyanostilbene-2,2'-disulphonate (SITS) are potent inhibitors of 
anion transport and react covalently with groups within the band 3 
molecule (Cabantchik et al., 1978) . 
Kopito and Lodish (1985) have published the entire amino acid and 
cDNA sequence of murine rbc precursor cells. The mouse band 3 is 929 
amino acid long. The amino acid sequence of the first 201 residues of 
human rbc band 3 was worked out by Kaul et al.(1983). Between the 
residues 71 and 201, approximately 75% of the residues in the two 
cytoplasmic domain sequences are identical with the exception of a 
single deletion in the mouse sequence. The strands are also colinear 
(Kopito and Lodish, 1985). However, in the first approximately 70 
residues, the sequences are moderately homologous and murine band 3 
contains 14 more amino acids than its hominoid counterpart. 
Goat, Sheep and other Mammalian Red Blood Cells; Informations on the 
structure and functions of non-huminoid rbcs is limited and fragmen-
tary. While it is generally assumed that most mammalian rbcs resemble 
those of human, the available evidence tends to prove the opposite. 
Many mammalian rbcs show striking variations both in structure and 
physiology from the human rbc and indicate interesting evolutionary 
adaptations. 
11 
Sheep and goat rbcs are smaller than the human rbcs and are 
triangular and irregular in shape (Farooqui et al., 1987). Goat rbcs 
are rich in sphingomyelin which amounts to 40-501 of the total 
phospholipids. Ihey contain about 30% phosphatidyl serine, 6% 
phosf^atidic acid and 5% jAiosphatidyl inositol (White, 1973). Out of 
these phospholipids, 18% phosphatidyl ethanolamine and 10% 
phospdiatidyl serine are localised in the external leaflet of the 
bilayer (Farooqui et al., 1987). Goat and sheep rbcs have very little 
if any phosphatidyl choline that constitute about 30% of the total 
phospholipids in the human rbcs (White, 1973). Lack of phosphatidyl 
choline appears to account for the resistance of the goat rbcs to 
calcium-phosphate induced fusion (Farooqui et al., 1987). The cells 
also resist the incorporation of phosphatidyl choline in the bilayer. 
The cholesterol phospholipid ratio was found to be similar to that of 
the human rbcs. 
In addition to the presence of various polypeptides corresponding 
to the major polypeptides of human rbcs, goat/ sheep rbc membranes 
contain an intensely staining Mr 160,000 protein (Lenard, 1970). This 
was shown to be glycosylated and suggested to be analogous to the 
glycophorin of the human rbc (Lutz et al., 1977). Prokopchuk and 
Sargent (1980) demonstrated immunologically reactive external and 
potentially transmembrane determinant of spectrin. With the help of 
freeze fracture studies, it was shown that band 4 of the sheep rbc 
spans the membrane and protrudes into the cytoplasmic surface (Land 
and Nermut, 1980). In vitro aging of sheep rbc results in the release 
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of small membrane vesicles mainly composed of Mr 160,000 and Mr 
100,000 proteins. Ihe vesicles are completely devoid of almost all 
extrinsic proteins including spectrin (Lutz et al., 1976). 
Several reports are available on the studies on band 3 polypep-
tide of various mammalian rbcs. As pointed out earlier, murine band 3 
polypeptide has been sequenced completely. Bovine band 3 appears to be 
similar in molecular disposition to that of human band 3, though it 
appears to exhibit slightly higher molecular weight (Makino et al., 
1981). 
The variability in band 3 protein among different species appears 
to be confined largely to the extreme N-terminal region (Jay, 1983; 
Kopito and Lodish, 1985), Both chicken and rodent band 3 proteins have 
significantly less acidic N-termini and as a consequence do not bind 
glyceraldehyde -3-phosphate dehydrogenase (Jay, 1983; Ballas et al., 
1985). However the bovine cytoplasmic domain retains the ability to 
bind the enzyme suggesting a closer homology with human band 3 
(Moriyama et al., 1985), Consistent with the major sequence 
variability near the N-terminus is the observation that the 
predominant antigenic determinants of band 3 are also in the 
cytoplasmic region (Low et al,, 1984). While antibodies to the 
cytoplasmic domain of human band 3 crossreact with both bovine and 
murine band 3, they do not crossreact with chicken band 3 (Jay, 1983). 
However, England et al. (1980) reported lack of crossreactivity 
between antihuman band 3 antiserum and rbc membranes derived from non 
-primates including cat, dog, goat, sheep, rat, mouse, rabbit and also 
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from duck. However, marked crossreactivity was reported when monkey 
rbc membranes were used. 
Several Ca2+ -dependent/ mediated processes appear to be lacking 
in goat/ sheep rbcs. These include the deficiency of Ca2+ -sensitive 
phosphoinositide phosphodiesterase (Allan and Michell, 1977) and lack 
of membrane protein phosphorylation in response to Ca2+ and calcium-
ionophore treatment (Raval and Allan, 1985). 
Effects of Calcium: The calcium ions effect a wide variety of cellular 
membrane functions and properties including nerve impulse transmi-
ssion, cellular adhesion, intracellular communication, membrane 
permeability, deformability and phospholipid organization. The 
calcium-membrane interactions play an important role in these and 
several other membrane functions (Cohen and Solomon, 1976; Quist, 
1980; Wang et al., 1988). 
The concentration of ionized calcium in physiologically healthy 
rbcs is only 10 -10 M compared to 10 M in circulating plasma (Lew 
and Garcia-Sancho, 1985). The rbcs have a highly efficient mechanism 
for maintaining the low intracellular concentration through Ca2+ pump 
that utilizes ATP (Schatzmann, 1975). When the Ca2+ pump fails (as in 
aged cells, sickle cells or in some hereditary metabolic diseases), 
the Ca2+ level of rbcs may rise as high as 2 X 10 M (Eaton et al., 
1973). The pump is dependent upon the action of a membrane bound, 
Mg2+ -dependent Ca2+ -activated ATPase termed (Ca2+ +Mg2+) -ATPase 
(Schatzmann, 1975). Calmodulin is found in the human rbcs (Jarrett and 
Penniston, 1977) and regulates the stimulation of both the Ca2+ pump 
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and Ca2+ pump ATPase (Larsen and Vincenzi, 1979). Otts and Reed (1984) 
have shown that low concentration of free calcium stimulates the 
hydrolysis of ATP and couples efficiently the calcium transport to the 
outside in a medium containing Mg2+ and K+. 
When the concentration of Ca2+ increases in rbcs, a number of 
complex and inter-related series of changes occur. These include 
alteration in shape (Palek et al., 1974, Sheetz and Singer, 1977), 
contraction of ghost membranes (Palek et al., 1971), change in cation 
permeability of membrane (IXinn, 1974), mechanical deforraability (Weed 
et al., 1969), rapid decrease in ATP (Taylor et al., 1977) and 
modification of the metabolism and composition of membrane lipids 
particularly those of phosphatidate and 1,2-diacyl glycerols (Allan et 
al., 1976). At elevated Ca2+ levels, the human rbcs undergo a shape 
change from discocyte to echinocyte and may even release microvesicles 
(Allan and Michell, 1975 a, 1975 b). ATP-depleted rbcs, also become 
spherical and adapt the echinocyte form (Brecher and Bessis, 1972). 
Birchmeirer and Singer (1977) hj^othesized that erythrocyte 
membrane shape was maintained in a steady state by opposing kinase and 
phosphatase activities. The diacylglycerol may be derived from Ca2+ 
-stimulated breakdown of phosphatidylcholine (Allan et al,, 1976). The 
rbc membrane phospholipids are unequally distributed in the two 
leaflets of the membrane bilayer. Choline containing phospholipids 
sphingomyelin and phosphatidyl choline are located mainly in the outer 
leaflet of the bilayer whereas amino phospholipids phosphatidyl 
ethanolamine and phosphatidyl serine are restricted to the inner 
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leaflet (Op den Kamp, 1979). This typical as3miraetric arrangement of 
phospholipid within the membrane bilayer is stabilised by the 
interaction between the inner layer phospholipids and cytoskeletal 
proteins especially spectrin (Haest et al., 1978). Chandra et al. 
(1987) have demonstrated that Ca2+ loaded red cells show abnormal 
phospholipid organization. Strikingly, a significant fraction of 
phosphatidyl serine could be located in the outer leaflet of the 
bilayer in Ca2+/ ionophore treated cells. This may be related to the 
degradation of spectrin, band 2.1 and band 4.1 (Anderson et al., 1977; 
Croall et al., 1986). 
Recent studies have shown that rbc containing phosphatidyl serine 
in the outer leaflet of the bilayer are recognised and removed from 
the circulation by the phagocytic cells (Schroit et al., 1985; Connor 
and Schroit, 1988). In addition, protein kinase C is stimulated 
by high concentration of Ca2+ (Raval and Allan., 1985; Rasmussen, 
1985). The activation is related to the production of diacylglycerol 
(Allan et al., 1977). While, diacylglycerols form a variety of 
sources activating protein kinase C, the most effective appears 
to be that derived from the phosphoinositides (Raval and Allan, 
1985). Among others, protein kinase C has been shown to cause the 
phosphorylation of band 4.1 protein (Cohen and Foley, 1986). The 
phosphorylated form has lower affinity for spectrin-actin (England et 
al., 1986) than the unphosphorylated band 4.1. Smallwood et al. (1988) 
reported that activated protein kinase C also phosphorylates the 
Ca2+ -ATPase and in turn, stimulates the rbc membrane calcium pump 
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activity. 
Ca2+ also potentiates the peroxidation of human rbc membrane 
phospholipids (Jain and Shohet, 1981). This effect can be blocked by 
lipid antioxidants. The peroxidation of lipid results in the produc-
tion of raalondialdehyde (Rank et al., 1985). Malondialdehyde has been 
reported to inhibit the (Ca2+ +Mg2+) -ATPase activity in the normal 
rbc membrane (Leclerc et al., 1987). 
Parallel with these alterations, the human rbc membrane also 
undergoes profound structural changes. Ihese changes are attributed 
primarily to the Ca2+ -mediated crosslinking and proteolysis. The 
crosslinking of the membrane protein is under the control of an 
intrinsic transaraidating enzyme of /-glutamyl- t -lysine transferase 
type, termed transglutaminase which specifically requires calcium ions 
for its activation (Lorand etal., 1983). This transglutaminase 
mediates the formation of large protein complexes linked via 
Y-glutamyl-^ -lysine bonds which in turn result in the altered 
physical as well as biochemical properties of the rbcs (for review see 
Lorand and Conrad, 1984). 
The effect of Ca2+ -induced production of crosslinked adducts, 
may be prevented if either histamine, cystamine or amino acetonitrile 
is included in the incubation medium prior to and during calcium 
loading of rbcs in vitro (Smith et al., 1981). Immunological studies 
have revealed that, in addition to spectrin, band 3, band 2.1, band 
4.1, hemoglobin is also a part of the V-glutamyl-^ -lysine crosslinked 
polymeric cluster (Bjerrum, 1981). The elevated level of calcium in 
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rbcs activates covalent fusion of nearest neighbours at the membrane 
cytoskeletal interface (Bjerrum et al., 1983). In addition, Zn2+ com-
pete with Ca2+ and inhibit transglutaminase (Credo et al., 1976). 
Marked protein degradation in human rbc membrane in response to 
elevated calcium level has been reported (Lorand et al., 1983). Ca2+ 
-dependent neutral cysteine proteases collectively called calpain and 
distributed widely, regulate cellular functions by limited proteolysis 
of specific proteins. These cause selective proteolysis of spectrin 
and polypeptide 4.1 (Croall et al., 1986). The extent of these altera-
tions depends on the concentration of cytoplasmic Ca2+ and significant 
activation occurs when the intracellular Ca2+ concentration rises to 
10 M -10 M (Wang et al., 1988). Calpain has also been reported to 
be involved in the activation of protein kinase C in the rbc (Melloni 
et al., 1986), degradation of p-heraoglobin (Pontremoli et al., 1984), 
and the modification of calmodulin binding proteins (Kosaki et al, 
1983) The Ca2+ -dependent proteases are also necessary for red cell 
fusion (Kosower et al., 1983). Calpain irreversibly activates the Ca2+ 
-ATPase activity when rbc experience a prolonged and/or uncontrolled 
increase in the intracellular concentration during certain pathologi-
cal conditions and/ or some physiological conditions such as aging 
(Wang et al., 1988). The calpain -mediated activation of Ca2+ -ATPase 
serves as the last defence mechanism for decreasing the elevated 
intracellular level which may otherwise be lethal to erythrocytes. 
Action of calpain on the Ca2+ pump results in the absence or decrease 
of calmodulin stimulation of the plasma membrane Ca2+ -ATPase of rbc. 
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Calmodulin has been shown to protect the Ca2+ -ATPase against calpain 
mediated activation (Wang et al., 1988). Like other proteases, calpain 
inactivates the (Ca2+ +1^2+) -ATPase at higher concentrations. Calpain 
has been purified from human rbcs (Melloni et al., 1982). It consists 
of two subunits of Mr 80,000 and 30,000 (Pontremoli and Melloni, 1986) 
which can be readily dissociated from each other in the presence of 
Ca2+. The calcium-mediated transglutaminase catalysed crosslinking and 
proteolysis appear to be independent processes as the proteolysis can 
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METHODS 
STUDIES ON THE EFFECTS OF CALCIUM 
Effect of Ca2+ on rbcs: The procedure of Smith et al. (1981) was 
followed to load the rbcs with calcium. A 5 mM stock solution of 
A23187 was prepared in dimethyl sulfoxide and was diluted 5 fold 
with 5T(8) containing 0.06 M NaCl, 0.1 M KCl and 10 mM glucose 
(buffer A). Two ml of 50% rbc suspension in 154 mM NaCl-5T(8) was 
mixed with the ionophore solution in buffer A to a final ionophore 
concentration of 20/JM. Calcium was added to the suspension to a 
final concentration of 2.5 mM. The mixture was incubated for 2 h at 
37 C. The rbcs were subsequently washed thrice with the buffer A 
containing 1 mM EDTA (pH 8.0) at 4 C and once with buffer A without 
EDTA. The hemoglobin -free rbc ghosts were prepared from the washed 
cells as follows. 
Pref)aration Of Erythrocyte Ghosts: Freshly collected blood was used 
in all the experiments. Blood from goat or other animals was 
collected either by cardiac or venipuncture into 0.33 vol of a 
solution containing 38 mM citric acid, 74.8 mM trisodium citrate 
and 136 mM dextrose (ACD). Human blood in ACD was collected from 
apparently healthy donors. The rbcs were collected by 
centrifugation of the whole blood at 1,000 X g for 10 min and the 
plasma discarded. The cells obtained were washed three times with 
154 mM NaCl. The buffy layer consisting of white blood cells was 
removed by aspiration after each wash. Ghosts were prepared from 
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the washed rbcs by hemolysing them in 40 vol of 5 mM Tris.HCl 
buffer, pH 8.0 [5T(8)]. The ghosts were pelleted by centrifugation 
at 12,000 X g for 30 min at 4 C. The pellets were washed repeatedly 
with the buffer to render the ghosts essentially hemoglobin free 
(Fairbanks at al.,1971). 
Effects of Ca2+ on Hemolysed rbcs: The procedure of Carraway et al. 
(1975) was followed. Red cells were hemolysed by mixing 10 vol of 
5T(8) containing 2.5 mM CaC12. The suspensions were incubated for 
10 min at 37 C. The ghosts were collected by centrifugation and 
washed many times with 5T(8) to remove the adhering hemoglobin 
completely. 
(Ca2+ +Mg2+) -ATPase Assay: ATPase assay was performed as descri-
bed by Raess and Vincenzi (1980) with few modifications. The assay 
medium contained in a total volume of 2 ml, approximately 25-250 ug 
rbc ghost proteins and 0.2 ml each of 800 mM NaCl, 150 mM KCl, 30 
mM MgC12, 30 mM ATP, 180 mM Tris.HCl (pH 7.1) and 1 mM ouabain. In 
a parallal experiment, 2 mM CaC12 was included in each tube to 
calculate the amount of (Ca2+ +Mg2+)-ATPase. All the tubes were 
preincubated for 10 min at 37 C. The reaction was initiated by the 
addition of ATP and incubation was carried out for 1 h at 37 C. The 
reaction was terminated by the addition of 0.5 ml of 1.2 M 
perchloric acid. The precipitate obtained was removed by 
centrifugation and the liberated inorganic phosphate was 
quantitated by the procedure of Fiske and Subbarow (1925), 
Ca2+ -Estimation in the rbcs: Intracellular calcium was estimated 
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in rbcs by GBC atomic absorption spectrometer model 902. Ihe 
equipment was calibrated by using a standard calcium carbonate 
solution. In addition, 2 rag/ml KCl was included in each sample 
before the estimation as suggested by the manufacturers. 
Microscopy: Calcium and A23187-treated or control rbcs were washed 
several times with 154 mM NaCl and suitably diluted. Suspensions 
were examined and photographed using a Gena series darkfield 
compound microscope fitted with a camera for this purpose. 
STUDIES WITH -SH REAGENTS 
Treatment with Low Ionic Strength Solution: The method of Fairbanks 
et al. (1971) was followed. Hemaglobin -free ghosts (0.9 ml) were 
diluted with 8.1 ml of prewarmed EDTA (pH 8.0). The mixture was 
incubated for 20 min at 37 C. The depleted ghosts were collected 
and washed subsequently with 5T(8). 
Extraction of rbc Ghosts with Triton X-100: Hemoglobin -free ghosts 
from human and goat rbcs were mixed with 0.5% Triton X-100-154 
mM NaCl and incubated for 1.5 h at 4 C as described by Yu and Steck 
(1975). The suspensions were centrifuged at 12,000 X g for 30 min 
at 4 C and the undissolved material was discarded. Triton X-100 
extracts were collected and used for further studies. 
Treated and untreated rbc ghosts were exposed to various -SH 
reagents as follows. 
Diamide- Diamide treatment was performed as described by Hosey et 
al. (1978) with few modifications. 1 ml of hemoglobin free rbc 
ghosts were incubated with equal volume of 5mM diamide in 5T(8) for 
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the desired periods at 37 C. The reaction was terminated by 
diluting the incubation mixture to 80 ml with 5T(8) and membranes 
were subsequently pelleted by centrifugation and the pellets were 
washed twice with 5T(8). 
Cu2+.o-phenanthroline- Ihe procedure followed was essentially that 
of Wang and Richards (1974) as modified by Liu and Palek (1979). A 
stock solution was prepared by dissolving 20 mg of l,10,o-
phenanthroline and 5 mg of CuS04 in 2 ml of distilled water. This 
was diluted thousand fold to get the required working reagent which 
consisted of 50/uM 1,10, o-phenanthroline and 5 mM Cu2+. One ml 
aliquot of rbc ghosts was mixed with 1 ml of working reagent and 
incubated for 20 min at 4 C. After incubation, the reaction was 
quenched by adding 200 /ul of 10 mM EDTA and the suspension was 
diluted to 80 ml with 5T(8). The treated ghosts were recovered by 
centrifugation and washed with 5T(8). 
N,N',p-phenylene dimaleimide- The method described by Haest et al. 
(1977) was followed. A stock solution was prepared by dissolving 
10.7 rag of PDM in 10 ml of acetone (Reisler et al., 1974 b). To 0.9 
ml rbc ghosts in 5T(8), 2 mg protein/ml was added with 0.1 ml of 
PDM solution (final PDM concentration, 0.4 mM). The mixture was 
incubated for 30 min at 37 C. The suspension was diluted 40 fold 
with 5T(8) and centrifuged to obtain the membrane pellet. The 
pellets were subsequently washed twice with 5T(8). 
Treatment with glutaraldehyde- The procedure of Steck (19^2) was 
followed. Two mg of purified band 3 protein in 1 ml of 5T(8) was 
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incubated with 3 mM glutaraldehyde in a total volume of 1 ml for 20 
min at 37 C. The protein was recovered by ethanol precipitation. 
STUDIES WITH PROTEINASES 
NaOH Stripping of rbc Ghosts; Alkali stripping of hemoglobin free 
rbc ghosts was done by incubating the rbc ghosts with 10 vol of ice 
cold 0.1 N NaOH for 10 min at 4 C. The stripped ghosts were 
pelleted by centrifugation and washed atleast twice with 5T(8) 
(Steck et al., 1976). 
Treatment with Proteinases; The method of Steck et al. (1976) was 
followed. 0.5 ml of rbcs in 5T(8)-154mM NaCl were incubated with 
0.5 ml proteinase solution for 12 h at 22 C. Each ml of incubation 
mixture contained either 100 Aig trypsin, 200 ^g chymotrypsin or 100 
/ug pronase respectively. Proteinase treatment of hemoglobin -free 
rbc ghosts was performed with various proteinases for 1 h at 22 C. 
Each ml of the reaction mixture contained trypsin, ch3miotrypsin or 
pronase at a final concentration of 5Aig, 10 Aig and 5 Aig per ml, 
respectively. The enzymes were inhibited subsequently with the 
addition of 4 mM PMSF to the reaction mixture. Proteinase -treated 
cells or ghosts were repeatedly washed with the saline buffer 
(5T(8)-154mM NaCl). 
SIAB GEL ELECTROPHORESIS 
Polyacrylamide Gel Electrophoresis: The overall approach was 
that of Fairbanks et al. (1971) with few modifications. A gradient 
maker pump and slab gel system of Atto Co., Japan, was used for 
casting a 3-15% polyacrylamide gradient gel. Concentrated stock 
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solutions were taken in two separate containers in the appropriate 
order and proportions as given in Table 1 to obtain the required 
percentage of the gels. Ihe acrylamide gel gradient was formed by 
pouring both the acrylamide solutions with the help of gradient 
maker into a glass cassette. The glass plates of the cassette were 
separated by 2 mm thick spacers. A comb providing a template for 12 
sample wells, was inserted into the cassette just after pouring the 
solution. The gels were left to stand for atleast 10-12 h at 22 C. 
After complete polyroerization of the gel, the comb was removed and 
wells thus formed, were washed and overlaid with distilled water. 
The samples for electrophoresis were prepared by adding protein 
samples in the equal volume of sample buffer and by boiling the 
mixture for 3-5 min. Protein samples containing 40-100 ug of 
protein in 20-50/J1 were applied to the wells. Electrophoresis was 
carried out at 100 volts initially for 2 h and subsequently at 
120 volts in Tris/EDTA/acetate buffer containing 0.2% SDS. After 
electrophoresis, the gels were immediately subjected to fixation 
and staining. 
Staining with Coomassie blue; The gels were stained for polypep-
tides using coomassie brilliant blue R-250 as described by 
Fairbanks et al. (1971). The gels were treated with various 
staining and destaining solutions in the following order: 
1. 0.05% coomassie blue R-250 in 25% isopropyl alcohol + 10% 
glacial acetic acid; 10 h. 
2. 0.005% coomassie blue R-250 in 25% isopropyl alcohol + 10% 
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Table 1 
Formulas for stock solution, buffers and gels. 
(1) 41.5% stock solution of acrylamide-bisacrylamide -
acrylamide (40g) 
bisacrylamide (1.5g) 
Make upto 100 ml with distilled water 
(2) lOX Buffer -
1.0 M Tris.HCl (pH 8.0) (40ml) 
2.0 M sodium acetate (10 ml) 
0.2 M EDTA (10ml) 
Adjust the pH to 7.4 with glacial acetic acid and make upto 100ml 
with distilled water. 
(3) Sample buffer -
2% SDS 
20% sucrose 
2 mM EDTA 
10 mM Tris.HCl (pH 8.0) 
Make upto lOOral with distilled water. 
(4) 20% SDS 
(5) 1.5% (W/V) ammonium persulphate solution 
(6) 0.5% (W/V) TEMED 
(7) Electrophoresis buffer -
lOX Buffer (100 ml) 
20% SDS (10ml) 
Make upto 1000 ml with distilled water. 
(8) Gel composition (per 20 ml of polymerising solution) -
Components 3% gel 15% gel 
Cone, acrylamide-bis 
acrylamide solution 1.45 ml 7.23 ml 
Distilled water 13.35 ' 
lOX Buffer 2.00 
SDS (20%) 0.20 
TEMED (0.5%) 1.00 







glacial acetic acid; 10 h. 
Destaining of the gel was done in 10% glacial aceti:^  acid at 37 C 
for several hours until the blue background became clear. 
PAS -staining: Glycoproteins were stained by using the PAS reagent 
as described by Fairbanks et al. (1971). Prior to staining, it 
was essential to remove SDS from the gels. This was achieved by 
washing the gels with solution containing 25% isopropyl alcohol and 
10% acetic acid for 12 h at 22 C followed by that containing 10% 
isopropyl alcohol and 10% glacial acetic acid for 6-9 h. Finally, 
the gels were washed with 10% acetic acid by incubating them for 
12 h. The gels were then treated successively with solutions of 
0.5% periodic acid for 2 h; 0.5% sodium arsenite + 5% glacial 
acetic acid for 1 h; 0.1% sodium arsenite for 30 min; 0.1% sodium 
arsenite for 10 min (twice); 5% glacial acetic acid for 10 min 
and finally with Schiff's reagent for 12 h in dark. The gels were 
destained with a solution of 0.1% sodium metabisulfite in 0.01 N 
HCl until the rinsed solution failed to turn pink upon the addition 
of formaldehyde. 
Two-dimensional Electrophoresis: The procedure of Liu et al.(1977) 
was followed. For 2-dimensional electrophoresis, a stacking gel was 
formed over an already polymerized 3-15% polyacrylamide gradient 
gel. A 2 mm zone of high reducing activity was applied over the 
polyacrylamide gel by adding the molten agarose solution in 5T(8) 
containing 1% agarose, 5% p -mercaptoethanol and 2 mM EOTA. An 
unstained gel slice containing the resolved membrane proteins was 
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cut from the 5.6% poLyacrylamide gel slab (see p.61 for final 
details) and transferred to top of the second gel slab prepared for 
electrophoresis in the second dimension. It was sealed with the 
B-mercaptoethanol containing buffered-agarose solution. Electropho-
resis was carried out initially at 50 volts for 1 h and then at 120 
volts for rest of the period. The gels were stained and destained 
as described earlier. 
Isolation of the rbc Ghost Proteins by Preparative electropho-
resis; Running gels containing 8% polyacrylamide were prepared as 
described earlier in the text. The thickness of the gels was 5 ram. 
The gels were layered with small amount of distilled water to 
obtain an even surface. After polymerization, water was removed and 
a 3% stacking gel was cast on the top of the separating gel. The 
gels were left to stand overnight for complete polymerization. 
Erythrocyte ghost samples for electrophoresis were prepared by 
mixing 5 parts of ghosts with 1 part of 5 times concentrated 
sample buffer and boiled for 5 min. About 250 ul of sample was loa-
ded in each well and electrophoresis was carried out at 120 volts 
for 6 h. After electrophoresis, the gels were taken out, washed 
twice with distilled water and then incubated in 4 M sodium acetate 
for 30 min at 4 C. The resulting opaque bands were visualised 
against a white background. The desired protein region was excised, 
washed several times with 5T(8) and kept at -10 C. Prior to 
electroelution, the gels were thawed, macerated and the fragments 
were taken in a dialysis bag containing 5T(8) + Q.TL SDS +0.2mM 
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PMSF. Electroelution was carried out in electrophoresis buffer 
(Tris/EDTA/Acetate) with 0.2% SDS for 4 h at 100 volts at 4 C. Ihe 
gel pieces were discarded and the buffer containing the protein 
was dialysed for 24 h at 4 C against 5T(8)+ 0.1% SDS + 0.2 mM PMSF. 
The eluted protein was concentrated against sucrose and stored at 
-10 C. 
COLORIMETRIC ANALYSIS 
Protein Estimation; Erythrocyte membranes or protein samples were 
dissolved in appropriate volume of 0.2% SDS solution in 5T(8) and 
suitable aliquots of the dissolved protein samples were diluted 
to 1 ml with 5T(8). TO this was added 5 ml of freshly prepared 
copper reagent. After the incubation for 10 min at 22 C, 0.5 ml of 
1 N Folin's phenol reagent was added and the tubes were vortexed 
instantly. Absorbance of the developed blue colour was measured 
after 30 min at 660 nm against a suitable reagent blank. A 
calibration curve was prepared using BSA containing 0.2% SDS 
(Haest et al., 1981). 
Determination of -SH Groups: The over all approach was that of 
Haest et al. (1981). One vol of rbc ghosts (untreated or those 
treated with -SH reagents) in 5T(8) or other protein samples were 
solubilized in equal vol of 0.2% SDS. 0.1 ml of 1 mM solution of 
5, 5'-dithiobis (2-nitrobenzoic acid) was added and the tubes were 
incubated at 37 C for 1 h. The absorbance was taken at 412 nm 
against a suitable reagent blank containing 0.2% SDS. For the 
calculation of -SH content, glutathione was used as a reference 
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substance. 
Carbohydrate Estimation; Ihe method used was that described by Dubois 
et al. (1956). To a 2 ml of sample containing appropriate quantity of 
rbc ghosts or band 3 polypeptide in 5T(3), 1 ml of 5% j^enol solution 
was added. Five ml of cone. H2SO4 was subsequently added rapidly 
keeping the stream of acid directed against the liquid surface in 
order to get a good mixing. Ihe tubes were allowed to stand for 10 
rain. They were then vortexed and further incubated at 30 C for 20 min. 
The absorbance of the yellow colour developed was measured at 490 nm 
againt the blank. 
Amino Acid Analysis of Band 3; Purified goat rbc band 3 samples were 
hydrolysed with 5.7 M HCl in vacuo at 107 C for 24 and 48 h. Amino 
acid compositional analysis was carried out on a microprocessor 
controlled Beckman model 6300 amino acid analyser. 
IMMUNOLOGICAL STUDIES 
Preparation of Antibodies: Antigoat rbc ghosts antisera or antigoat 
band 3 antisera were raised in healthy albino rabbits. An emulsion of 
0.5 ml of hemoglobin free goat rbc ghosts or band 3 polypeptide +0.5 
ml of 154 mM NaCl + 1 ml of Freund's complete adjuvant was injected 
intramuscularly. Such treatment was also given in the third and fourth 
weeks. Animals were bled after the fifth week and the blood was 
allowed to coagulate for 3 h at 22 C. Antisera were collected from 
the coagulated blood and stored at -10 C. 
Immunodiffusion; The precipitin reaction in agarose gels was performed 
according to the method of Tan and Kunkel (1966). One percent molten 
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agarose in 154 niM NaCl- 5T(8) containing 0.1% sodium azide was poured 
on the glass slides and allowed to harden at room temp. Required 
number of wells were cut from the agarose and the slides were stored 
at 4 C. All the sera tested were decomplemented by heating at 56 C 
for 30 min. 5-10AI1 of suitably diluted antisera were added in the 
central wells. Ihe reaction was allowed to proceed for 12-24 h in a 
moist chamber at 22 C. The slides were immersed in 154 raM NaCl to 
remove any non specific precipitin line. The agarose gels were dried 
by placing moist filter paper over the slides to obtained thin 
films of dried agarose stuck to the glass slides. Staining was done 
in 0.5% Coomassie blue in 25% isopropyl alcohol and 10% glacial acetic 
acid for 10 min. Destaining was performed by several washes with 10% 
glacial acetic acid. 
Crossed Immunoelectrophoresis: Combined polyacrylamide- agarose Immu-
noelectrophoresis was carried out as described by Lorand et al. 
(1983). 5 ul BSA (5 mg/ral of 100 raM NaCl) was mixed with 0.5 ml of 
antigoat band 3 antisera. The mixture was incubated at 4 C overnight. 
The resulting precipitate was removed by centrifugation at 12,000 X g 
for 30 min. Samples of solublised rbc membranes were subjected to 
SDS-PAGE containing 5.6% polyacrylamide as described earlier 
(Fairbanks et al., 1971). After electrophoresis, the unstained gels 
containing resolved proteins were sliced and washed several times with 
5T(8) and then once with a buffer containing 38 mM Tris.HCl , 100 raM 
glycine and 1% Lubrol PX (pH 8.7) for 30 min at 22 C. One of the gel 
slice was then placed on the top of an already cast 1% agarose gel 
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(2im thick and 4 ram wide containing 3.5% Lubrol PX) V(^ ich was cast 2 
cm above the cathodic edge of a glass plate used for crossed 
inmunoelectrophoresis. The two layers were then sealed by the 
application of a few drops of warm agarose containing 3.5% Lubrol PX 
at the cathodic edge. The antisera (10<ul/cm2) were mixed with 1% 
molten agarose and 2% Lubrol PX and the gels were cast as 6 cm and 1.5 
mm thick layer on the anodic side of the plates. Electrophoresis was 
carried out in the same Tris-glycine buffer (pH 8.7) but without 
added Lubrol PX at 50 volts for 4 h. Ihe plates were kept overnight in 
a moist chamber for complete antigen-antibody reaction. Plates were 
washed finally thrice with 154 mM NaCl by incubating them for a period 
of 30 rain each. Staining and destaining of the gels were done as given 
earlier in the text. 
RESULTS 
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A. STUDIES ON THE EFFECTS OF CALCIUM ON GOAT ERYTHROCYTE MEMBRANE 
The polypeptide composition of the goat and human rbc membrane: 
Hemoglobin - free rbc ghosts were prepared by using the procedure 
described by Fairbanks et al. (1971) as described earlier in the text. 
Fig.2 shows the SDS-PAGE profile of goat as well as human rbc membrane 
polypeptides visualized by coomassie blue staining. Most of the 
polypeptides including the band 3 from both goat as well as human rbc 
appeared to be of comparable molecular weights (Table 1). The 
molecular weights of goat rbc membrane proteins were determined using 
human rbc ghost proteins as markers. The goat band 3 polypeptide 
unlike the human band 3 migrated as a sharp band in the 
SDS-polyacrylamide gels. An additional polj^eptide band corresponding 
to Mr 160,000 could also be located between spectrin and band 3 in the 
case of goat rbc membrane (Fig.2A). In addition, the bands in the 4.5 
region and those of bands 5 and 6 appeared less intense and somewhat 
diffused. 
The difference between goat and human rbc membrane glycoproteins 
was more marked. Three PAS positive bands could be visualised in the 
goat rbc membranes. Among these, the major band exhibited a mobility 
corresponding to a molecular weight of 310,000. Bands corresponding to 
PAS-2 and PAS-3 of human rbc membranes were, however, present. The 
band corresponding to the major glycoprotein of human rbc membrane was 
strikingly absent in goat erythrocytes (Fig.2B). 
Effects - of Ca2+ on the polypeptides of erythrocyte membrane derived 
from various mammals: Sheep and goat rbc ghosts lack several 
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Fig. 2 
Polypeptide composition of goat and human rbc 
ghosts. Freshly collected blood was centrifuged 
and rbcs were collected. The cells obtained were 
washed three times with 154 mM NaCl and the buffy 
coat was removed after each washing. Ihe rbcs 
were hemolysed in 5T(8) and hemoglobin -free 
ghosts were prepared as described in the text. 
Ghosts thus obtained were subjected to SDS-PAGE. 
After the electrophoresis, the gels were stained 
with coomassie blue R-250 or PAS reagent for 
polypeptides and glycopeptides, respectively. 
Lanes a and b show the polypeptides (panel A) and 
glycopeptides (panel B) composition of goat and 









Molecular weight determination of goat rbc membrane polypeptides. 
Ghosts from human and goat rbcs were prepared and subjected to 
SDS-PAGE on 3-15 % gradient gels. The gels were subsequently stained 
with coomassie blue. 
Molecular weight 










Values reported by Haest et al., 1978). 
A calibration curve was prepared by plotting the log M of the human 




















Molecular weights of goat rbc membrane glycopeptides. Ghosts from goat 
and human rbcs were prepared and subjected to electrophoresis on 5.5 % 
polyacrylamide gels. The gels were subsequently stained with PAS 





Values obtained from Fairbanks et al. (1971). 
A calibration curve was prepared by plotting the log M of the human 
















Effect of Ca2+ on the membrane proteins of the 
rbcs derived from various mammals. Rat (a,b), 
rabbit (c,d), sheep (e,f), goat (g,h) and human 
(i,j) rbcs were hemolysed, incubated with or 
without 2.5 mM CaC12 for 10 min at 37 C and were 
washed several times with 5 mM Tris.HCl (pH 8.0). 
The hemoglobin -free ghosts were subjected to 
polyacrylamide gel electrophoresis in presence of 
0.2% SDS as described in the text. Lanes (a,c,e,g 
and i) represent membranes incubated in absence 
of added Ca2+. 
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Ca2+ -dependent/ mediated processes (Vincenzi, 1981, Farooqui et al., 
1987). Attempts were, therefore, made to investigate if these cells 
contain Ca2+ -stimulated transglutaminases and proteinases. As shown 
in Fig.3, the sheep and goat rbc membrane polypeptides do not exhibit 
significant Ca2+ -stimulated crosslinking or proteolysis. In contrast, 
in human rbcs, Ca2+ caused the formation of large molecular weight 
protein adducts which was accompanied by 50-70% disappearance of 
band 3 and polypeptide of Mr 78,000 as also reported earlier by 
Carraway et al. (1975) and Lorand et al. (1981). In rat rbc membrane, 
polypeptide bands corresponding to Mr 200,000 and 95,000 almost 
disappeared and new bands corresponding to Mr 55,000, 50,000, 28,000, 
25,000 and 20,000 appeared in the gel. Disappearance of Mr 190,000 
polypeptide and appearance of those of Mr 170,000 and 165,000 was 
observed in case of rabbit rbc membrane exposed to calcium. (Fig. 3). 
Hemoglobin-free ghosts from goat rbc exhibited no significant 
proteolysis even after the treatment with 2.5 mM Ca2+ for over 3 h. As 
evident from Fig.4A, no significant difference could be located 
between the polypeptide patterns of ghosts incubated in presence or 
absence of Ca2+. In contrast, marked degradation of spectrin, band 3 
and band 4 protein was evident in case of human rbc membrane subjected 
to the Ca2+ treatment (Fig.4B) and the extent of proteolysis increased 
with the length of the incubation period. 
No significant crosslinking or degradation of the PAS -sensitive 
material could be observed as a result of the calcium treatment to the 
goat rbc membranes. Decrease in the intensity of the glycoprotein 
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Fig.4. 
Effect of Ca2+ on hemoglobin free goat and human 
rbc ghosts. Washed rbc membranes were incubated 
with 9 vol of 5T(8) containing 2.5 niM Ca2+ for 
the indicated duration. The ghosts were separated 
by centrifugation, washed and subjected to 
electrof^oresis. Lanes a in panel A (goat rbc 
ghosts) and panel B (human rbc ghosts) represent 
controls. Lanes b,c and d contain membranes 
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bands accompanied by the appearance of significant PAS-positive 
material on the top of the gels, was, however, evident in case of the 
human rbc membranes (Fig.5). 
Effect of calcium and ionophore A23187: Calciuii effects were also in-
vestigated after the enhancement of intracellular Ca2+ concentration 
in the goat rbcs. Goat and human rbc were loaded with Ca2+ with the 
help of calcium ionophore A23187. Neither crosslinking nor proteolysis 
could be observed in case of goat rbc membrane polypeptides after such 
a treatment (Fig.6). Calcium enrichment of human rbcs was, however, 
accompanied by the disappearance of several peptides from the gels and 
formation of large coomassie blue staining adducts. 
Effect of goat rbc hemolysates on partially washed human rbc membrane: 
Human rbc ghosts were hemolysed in 5T(8) and subjected to two rapid 
washes with the same buffer. Ihe membranes were incubated with hemo-
lysates obtained from goat rbcs which were previously treated with 
Ca2+ and ionophore A23187. Significant crosslinking and presumably 
some proteolysis of the rbc membrane proteins was observed as a result 
of these treatments (Fig.7). 
Under identical conditions, boiled hemolysates from the Ca2+ 
-loaded goat rbcs also exhibited similar effects. Significant quanti-
ties of hemoglobin remained bound to the ghosts in this experiment 
which is presumably the result of the presence of denatured hemoglobin 
in the boiled hemolysates (Fig.8). 
Effect of calcium and human rbc hemolysates on hemoglobin-free goat 
rbc ghosts: Washed goat rbc membranes incubated with membrane-free 
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Fig.5. 
Effect of Ca2+ loading on the membrane polypep-
tides of the human and goat rbcs. Goat and human 
rbcs were incubated with 2.5 mM CaC12 and 20 uM 
calcium ionophore A23187 for 2 h at 37 C as 
described in the text. The cells were 
subsequently washed and hemolysed in 5T(8). The 
ghosts were freed from adhering hemoglobin and 
subjected to SDS-PAGE. Lanes a and c represent 
membranes derived, respectively, from the goat 
and human rbcs incubated with CaC12 but without 
ionopiiore. Lanes b and d contained membranes 
derived from calcium and ionophore -treated goat 
and human rbcs, respectively. 
a b e d 
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Fig.6. 
Effect of calcium treatment on goat and human rbc 
glycoproteins. Goat and human rbcs were hemolysed 
in 5T(8) containing 2.5 mM CaC12 and the 
susptn:L.i -.i? vere ir.cuoated for 10 min at 37 C. 
Mcoibcri'-i- :, i^ re suosf::;.. . .ly washed with 5T(8) 
m-d ghosts thus obteuVrivid were subjected to 
SDS-PAoE„ Lanes a and c contained control goat 
and huiaan rbc membranes, respectively. Calcium 
"treated goat and human rbc ghosts were run in 
lanes b and d, respectively. 
a b e d 
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Fig.7. 
Effect of Ca2+ -enriched goat hemolysates on 
human rbc membranes. Goat rbcs were loaded with 
2.5 mM CaC12 as described in text. The cells were 
hemclysed by mixing with three parts of 5T(8). 
J.;.; '-j-ziclYSixtes we::2 ;::.ent;i:i;:uged at 12,000 X g to 
£-:d.vinent membrarses ai'.: i.iree parts of the clear 
supernatant obtained was incubated with one part 
of the partially washed human rbc ghosts 
(obtained by hemolysing the rbcs in 40 vol of 
5T(8) and subjecting them to only two washes with 
the same buffer) for 10 min at 37 C. The 
membranes were subsequently washed several times 
with 5T(8) and subjected to SDS-PAGE. Lanes a and 
b represent control and the hemolysate-treated 




Effect of Ca2+ -enriched, heat treated goat 
hemoLysates on the hemoglobin free human rbc 
membranes. The details of the experiment are 
described in the legend to the Fig.7 and text. 
The heraolysates from the Ca2+ -enriched goat rbcs 
were, however, boiled for 10 min, cooled and 
centrifuged. Lanes a and b contained untreated 
human rbc ghosts and those treated with Ca2+ 
-enriched denatured goat heraolysates -treated 
human rbc ghosts, respectively. 
a b 
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human rbc hemolysates in presence of 2.5 mM calcium exhibited marked 
crosslinking and loss of several polypeptides. Spectrin, Mr 160,000 
polypeptide and band 4 protein were markedly effected (Fig.9). 
Effect of calcium on goat rbc band 3 protein; The possible calcium 
-induced cleavage of band 3 polypeptide of goat rbc was also 
investigated using specific antigoat band 3 antisera. Crossed 
-inmunoelectrophoresis following SDS-PAGE against the monospecific 
antisera revealed a deeply staining peak in the band 3 region in 
addition to a small peak in the region of Mr 160,000 polypeptide. The 
« 
pattern remained essentially unaltered after the Ca2+ -treatment 
(Fig.10). 
Microscopy of the goat rbcs: As has been observed earlier, Ca2+ 
loading resulted in marked alteration in shape of the human but not of 
» 
the goat rbcs. There was no significant alteration in either the shape 
or volume of the goat cells as a result of the Ca2+-treatment 
(Fig.11). 
Calcium concentration in rbcs: Calcium concentration was estimated in 
freshly collected goat and human rbcs by atomic absorption spectro-
metry. The concentration of Ca2+ in goat rbcs varied between 4.5 /uM 
-6.9 AoM which was about 3-4 times higher than the concentration of 
Ca2+ in human rbcs (Table 4). 
(Ca2+ +Mg2+) -ATPase activity: Activity of (Ca2+ +Mg2+) -ATPase was 
assayed in the hemoglobin -free rbc ghosts. The specific activity of 
the enzyme in goat rbcs was about 0.06 n moles/ min/ mg protein as 
compared to 8.7 nmoles/ min/ rag protein of human rbcs (Table 4). 
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Fig.9. 
Effect of Ca2+ -enriched human hemolysates on 
goat rbc membranes. The hemoglobin-free goat rbc 
ghosts were treated with 3 vol of membrane -free 
human rbc hemolysates prepared as described 
earlier, for 10 min at 37 C. Ca2+ was added to a 
final concentration of 2.5 mM in the incubation 
mixture. The ghosts were washed and subjected to 
SDS-PAGE (b). Lane a represents the con trol 
ghosts incubated under similar conditions but 
without Ca2+. 






Crossed immunoelectrophoresis of Ca2+ -treated 
goat rbc ghosts. Antisera were raised against 
purified goat band 3 protein . Ca2+ -treated and 
untreated goat rbc ghosts were subjected to 
SDS-PAGE as described earlier. Lanes were cut and 
washed with 5T(8) and then with buffer containing 
38 mM Tris.HCl, 100 mM glycine and 1% Lubrol PX 
(pH 8.7). Antisera (I5ul /cm2) were mixed 
separately with 1% molten agarose containing 
3.5% Lubrol PX and the gels were cast on glass 
plates. Polyacrylamide gel slices were kept on 
the cathodic end of the agarose gels, sealed and 
subjected to electrophoresis for 4 h at 50 volts 
at 22 C. The gels were kept overnight in a moist 
chamber. Washing of the gels was done at 
least thrice by incubating them for 30 min 
repeatedly in 154 raM NaCl. Ihe gels were dried, 
stained and destained as described in text. Panel 
A and Panel B represent untreated and Ca2+ 




Effect of Ca2+ and ionopnore A^Jl87 on the shape 
of goat and human rbcs; Goat and huuan rbcs were 
incubated with 2.5 mM Ca2+ ^ md ionophore A23187 
for 2 h at 37 C as described earlier. The 
suspensions were suitably diluted, examined and 
photographed. Panel A and C contained untreated 
and B and D contained Ca2+ -treated goat and 
human red blood cells. Bar. 10 um 
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(Ca2+ +M^2-i-)-ATPase activity and Ca2+ concentration of goat and human 
rbcs; (Ca2+ +I1g2+)-ATPase activity and calcium concentration of goat 
and human rbcs were determined as described earlier in the text. 
(Ca2+ +[^2+)-ATPase activity calcium 
(n moles/min/mg protein) (AJM) 
Goat 0.06 ± 0.009 5.7 ± 1.5 
Human 8.70 ± 0.52 2.0 ± 0.4 
Each value represents the mean of atleast three independent experi-
ments performed in duplicates. 
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B. EFFECT OF THE PROTEOLYTIC ENZYMES ON THE GOAT ERYTHROCYTE MEMBRANE 
POLYPEPTIDES 
Effect on intact rbcs; Goat and human rbcs were treated with pronase 
and the ghosts were prepared as described in the text. Pronase 
treatment caused extensive degradation of band 3 protein in human rbcs 
but was ineffective in cleaving band 3 in goat rbcs (Fig. 12). 
Similarly, the goat rbc membrane glycopeptides were strikingly more 
resistant to proteinase treatment as compared to those of human rbc 
membranes (Fig.13). 
Effect of proteinases on hemoglobin -free rbc ghosts; Treatment of the 
goat rbc ghosts with trypsin, chymotrypsin and pronase resulted in 
significant cleavage of most of the polypeptides including band 3 
protein. While, all proteinases were found to cause proteolysis, 
pronase treatment resulted in the nearly complete disappearance of 
band 3 polypeptide from the gels. Polypeptide band corresponding to Mr 
160,000 was also markedly but not completely degraded (Fig.14). 
Effect on alkali-stripped goat rbc membranes; Proteolysis of the 
alkali-stripped membranes gave a better picture of the nature of the 
cleaved fragments. Alkali stripping caused the loss of protein bands 
1,2,4,5 and 6 and the stripped ghosts contained the band 3 polypeptide 
as well as the Mr 160,000 polypeptide as the major components. In 
addition, significant quantities of band 4 and some other polypeptides 
were also observed. Proteolysis of such ghosts resulted in the 
formation of polypeptides of Mr 78,000, 55,000 and 45,000. The 
polypeptide of Mr 55,000 appeared prominant in the gels as a 
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Fig.12. 
Effect of pronase on goat and human rbc poly-
peptides. Goat and human rbcs were collected and 
washed with 154 mM NaCl. Aliquots of rbcs were 
incubated with equal volume of 154 mM NaCl 
containing pronase (final concentration 100/ig 
/ml) for 12 h at 22 C. The reaction was stopped 
by adding 4 mM IMSF to the reaction mixture. 
Cells were thoroughly washed with 154 mM NaCl. 
The rbcs were then hemolysed and ghosts obtained 
were subjected to electrophoresis. Panel A and 
panel B contained the ghosts derived from goat 
and human rbcs. Lanes a and b represent untreated 
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Effect of pronase on human and goat rbc glycopep-
tides. The details of Lhr experiment were 
described in the legend to Fig.12 and in the 
text. Lanes a and b represent untreated and 
pronase treated human rbcs while lanes c and d 
contained control and pronase-treated goat rbcs, 
respectively. 
a b c d 
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Fig.14. 
Effect of proteinases on goat rbc membranes. 
Aliquots of hemoglobin-free goat rbc ghosts were 
incubated separately with equal volume of appro-
priate proteinase solutions. Each ml of reaction 
mixture contained 5 Xag trypsin, 10 Aig chymo-
tri^ psin or 5 Jag pronase. The suspensions were 
incubated for 1 h at 22 C. Proteolysis was termi-
nated with 4 nW PMSF. Lane a shows the untreated 
rbc ghosts protein profile while those of 
pronase, chymotrypsin and trypsin treated ghosts 
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Fig.15. 
Effect of proteinases on alkali-stripped goat rbc 
ghosts. Ghosts were incubated with 10 vol of 
ice-cold 0.1 N NaOH for 10 min at 4 C. The 
alkali-stripped ghosts were collected by centri-
fugation at 12,000 X g for 30 min. The pelleted 
stripped ghosts were then washed twice with 
5T(8). Ghosts were incubated with various 
proteinase solutions separately for 1 h at 22 C. 
Each ml of incubation mixture contained 5 Aig 
trypsin, 10 Aig chymetrypsin or 5 AJg of pronase. 
Proteolysis was terminated as described earlier. 
Lane a represents the untreated alkali -stripped 
rbc ghosts while lanes b,c and d represent those 
treated with trypsin, chymotrypsin and pronase 
respectively. 
a b c d 
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result of treatment of the rbcs with either of the three proteinases 
viz. trypsin, ch3miotrypsin and pronase (Fig. 15). Most extensive 
poteolysis of alkali-stripped membranes was observed in response to 
the treatment with pronase . 
C. EFFECT OF THE -SH OXIDANTS 
Effect of various -SH crosslinking reagents: As shown in Fig.16, 
diamide-treated rbc membranes exhibited loss of spectrin bands 4,5 and 
6 polj^eptides. This was accompanied by the formation of large 
molecular weight adducts. Some of which were too large to enter the 
gel.Ihe diamide treatment, however, resulted in no significant 
variation in the intensity of band 3 polypeptide. In case of human rbc 
membrane, however, diamide treatment caused significant crosslinking 
of the band 3 polypeptide (Haest et al.,1977; Liu and Palek, 1979). 
Other -SH oxidants like Cu2+. o-phenanthroline and phenylene 
dimaleimide were also unable to crosslink the band 3 pol3^eptide. Like 
diamide, these reagents also induced extensive crosslinking of 
spectrin, band 4, band 5 and band 6 (Fig.17). 
Ihe modification of -SH groups of goat rbc ghosts in response to 
the oxidant treatments was estimated using DTNB. A significant 
decrease in the amount of -SH groups was observed as a result of the 
treatments. Extensive modification in the -SH groups was noted which 
was found to be maximum in case of PDM-treated preparation (about 
88%). Treatment with diamide and Cu2+. o-phenanthroline caused 60% and 
46% decrease in the membrane -SH groups respectively (Table 5). 
Characterization of the crpsslinked adducts: Attempts were made to 
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Fig.16. 
Effect of diamide on goat rbc membrane polypep-
tides. Goat rbc ghosts were treated with either 
5 or 20 raM diamide (pH 8.0) at 37 C for 20 or 30 
min as described earlier in the text.Ihe reaction 
was stopped by diluting the suspension with 40 
vol of 5T(8).The ghosts were subsequently washed 
with the same buffer, pelleted, washed and 
subjected to SDS-PAGE as described in the text. 
Untreated ghosts were run in the lane a, while 
those treated with 5 mM diamide were run in lanes 
b {20 min) and c {30 min) respectively. Lanes d 
and e contained ghosts treated with 20 mM diamide 
for 20 and 30 min, respectively. 
a b c d e 
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Fig.17. 
Effect of some -SH crosslinking agents on the 
goat rbc ghost polypeptides. Hemoglobin -free 
goat rbc ghosts were prepared and exposed to 
crosslinking reagents according to the procedures 
described earlier.Ihey were washed at least twice 
with 5T(8) buffer, pelleted and electropiioresed 
in the presence of 0.2% SDS. Lane a represents 
untreated rbc ghosts while crosslinked ghosts are 
represented by lane b (5 mM diamide, pH 8.0 for 
20 min at 37 C), lane c (25 AJM /5 AJM CU2+. 
o-pJnenan thro line for 20 min at 4 C) and lane d 
(0.4 mM phenylene dimaleimide ,pH 8.0 for 30 min 
at 37 C). 
a b c d 
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Table 5 
Effect of various -SH crosslinkins reagents on -SH groups of goat rbc 
ghosts. Goat rbc ghosts were exposed to -SH crosslinking reagents, 
diamide, Cu2+. o-phenanthroline and phenylene dimaleimide as described 
in the text and the -SH groups were quantitated using DTNB procedure. 
Treatment -SH groups Residual -SH groups 





100" = 107 n moles -SH groups/mg protein 
Each value represents the mean of atleast three independent experi-
ments performed in duplicates. 
None 
Diamide, 20 min, 
37 C. 
Cu2+. o-phenanthroline, 
30 min, 4 C. 
Phenylene dimaleimide, 






identify the high molecular weight adducts formed as a result of -SU 
crosslinking induced by diamide. Diamide-treated goat rbc membranes 
were subjected to SDS-PAGE in the first dimension in absence of 
B-mercaptoethanol. The gel lanes were cut and run in the second 
dimension in presence of 5% p-mercaptoethanol. Dissociation of the 
high molecular weight adduct was observed in presence of 
B-mercaptoethanol and polypeptides migrated as in the region of 
spectrin polypeptides 1 and 2 and some Mr 160,000 polypeptide. No 
staining could be observed in the region corresponding to band 3 
(Fig.18). 
Attempts of crosslinking of band 3 in modified/solubilised rbc ghosts: 
To rule out the possibility of steric hinderence in the reaction of 
crosslinking reagents with band 3 or low diffusibility of band 3 in 
the lipid bilayer, crosslinking studies were performed with ghosts 
treated with low ionic strength solution or solubilized with Triton 
X-100. 
As shown in the case of human rbc ghosts (Fairbanks et al., 
1971), low ionic treatment released most spectrin in case of goat 
rbc membrane (Fig.19). The extracted goat rbc ghosts contained 
predominantly band 3 protein and Mr 160,000 protein. Treatment with 
diamide resulted in no significant crosslinking of either band 3 or Mr 
160,000 protein (Fig.20). 
Treatment of human rbc ghosts with 0.5% Triton X-100 resulted as 
shown in Fig.21, in the solubilization of band 3 and Mr 160,000 
protein along with some other minor polypeptides. Treatment of the 
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Fig. 18. 
Determination of the composition of the high 
molecular weight adduct by 2-dimensional elec-
trophoresis. Goat rbc ghosts (2 mg protein per 
ml) in 5T(8) were treated with equal vol of 5 raM 
diaraide (pH 8.0) for 20 min at 37 C. After the 
incubation they were washed with 5T(8), pelleted 
and subjected to SDS-PAGE on a 5.6% gel. A gel 
slice containing resolved ghost proteins was, 
subsequently cut from the gel and transferred to 
the top of another 3-15% polyacrylamide gel pre-
pared for 2-dimensional electrofhoresis. The 
electrophoresis was performed as described in the 
text and the gels were stained with coomassie 
blue. At the top of slab gel is shown a duplicate 
stained one dimensional gel of treated ghosts 
while on the extreme left, is shown a parallel 
gel containing protein pattern of electrophoresed 
untreated rbc ghosts. 
- First dimension - > • \ -














Low ionic treatment of goat rbc membranes. 
Goat rbc ghosts were depleted of spectrin by-
incubating them with 9 vol of prewarmed 0.1 mM 
EETA for 20 min at 37 C as described by Fairbanks 
et al. (1971). The suspension was centrifuged and 
the supernatant was collected. It was concentra-
ted against sucrose and the concentrate was 
subjected to SDS-PAGE (Lane b). Lanes a 
represents normal rbc ghosts. 
Fig.20. 
Effect of diamide on spectrin-depleted goat rbc 
ghosts. Goat rbc ghosts were depleted of spectrin 
by incubating them with 9 vol of solution of 0.1 
mM EDTA-5T(8) for 20 min at 37 C as described by 
Fairbanks et al. (1971). The depleted rbc ghosts 
were collected and washed in 5T(8) by centrifuga-
tion. They were exposed to 5 mM diamide (pH 8.0) 
for 20 min at 37 C and subjected to SDS-PAGE. 
Lanes a and b represent the electrophoretic 
profiles of untreated and diamide treated 
spectrin -depleted ghosts, respectively. 
1 
a b 




Effect of d• iiiaiide on Triton X-100 solubilized 
fraction (.f ^o^t_rbc-_ p^.osts; Goat and human rbc 
ghosts were mixed with 5 vol of 0.5% Triton X-100 
-154 mM I:..CJ and i.iC!:lat?d for 1.5 h at 4 C. The 
insoluble i\-.,.; c.o v-;^  t roved by centrifugation. 
The Tritcn-extrac- : i-'eie incubated with equal vol 
of 5 mM diaaiic^ for 20 min at 37 C. Lanes a and c 
represent ilie p.^iypeptide patterns of the control 
goat and r;."!-. rb: ghr<;is vi'hile lanes b and d are 
those of goa!, and huuian ghosts fractions 
subjected to the diandde treatment. 
I i I 
a b c d 
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extract with diamide for 20 min at 37 C produced no significant 
crosslinking of band 3. Ihe band 3 protein was, however, crosslinked 
to higher molecular weight adduct in case of Triton extract of human 
rbc ghosts (Fig.21). 
D. STUDIES ON GOAT ERYTHROCYTE BAND 3 PROTEIN 
Isolation of band 3 polypeptide: Band 3 was isolated from the gels 
after preparative slab gel electrophoresis of rbc membranes performed 
in presence of SDS. Polypeptide bands were visualised with 4 M sodium 
acetate and the regions corresponding to band 3 were marked and cut 
out from the gels. Ihe band 3 pol3^eptide was electroeluted. Ihe 
preparation gave a single band in polyacrylamide gel electrophoresis 
run in the presence of 0.2% SDS (Fig.22). A single precipitin line was 
obtained when the isolated band 3 was subjected to iimiunodiffusion 
against rabbit antiserum raised against this protein (Fig.23). 
Chemical composition of goat band 3 protein: Samples of purified rbc 
band 3 protein from goat rbc were hydrolysed for 24 and 48 h and then 
subjected to amino acid analysis. The amino acid composition of band 3 
is given in Table 6 and in Table 7. Amino acid analyis of band 3 
suggested that it comprised of 818 residues (Table 5). The 
concentration of most of the amino acids of goat band 3 were found to 
be similar with that of human band 3 reported by Fukuda et al. (1978). 
The most significant difference was found in the value of methionine 
which was 0.6 mole % as compared to 3.2 of human. Also, the abundence 
of half-cystine in the case of goat band 3 was found to be about half 
the value of human. 
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Fig.22 
Isolation of band 3 protein from goat rbc 
membranes. Band 3 protein was isolated by prepa-
rative electrophoresis as described in text. It 
was subjected to SDS-PAGE on a 3-15% gradient 
gel. Lanes a and b represent the control ghosts 
and isolated band 3, respectively. 
Fig.23 
Band 3 polypeptide Ouchterlony immunodiffusion. 
Antigoat band 3 antisera were raised in albino 
rabbits. The immunodiffusion was allowed between 
the purified band 3 protein and the antiband 3 
antisera in agarose gels as described in the 
text. The central well contained rabbit antigoat 
band 3 antiserum while the wells 2 and 3 contain-
ed purified band 3 protein. 
a 
I f . 
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Fig.24 
Amino acid profile of goat rbc band 3 polypep-
tide. Purified goat rbc band 3 was acid hydroly-
sed in vacuo as described in text. Amino acid 
compositional analysis was carried out on a 













Analysis of amino acid residues in goat rbc band 3 polypeptide. Band 
3 derived from goat rbc membrane was acid hydrolysed and amino acid 
analysis was performed as described earlier in the text. 
Amino acid Number of residues 
(per mole of band 3) 
Aspartic gcid 69 
Threonine'' 59 
Serine" 61 















Values represent mean of 24 h and 48 h hydrolysis. 
a.The results are based on Mr value of 95,000 for goat band 3 protein. 
b. Extrapolated to zero times of hydrolysis. 
c. Values obtained at 48 h of hydrolysis. 
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Table 7 
Amino acid composition of goat and human rbc band 3 polypeptide. Band 
3 derived from goat rbc membrane was acid hydrolysed and amino acid 
analysis was jserformed as described earlier in the text. 
a b 




























































Values represent mean of 24 h and 48 h hydrolysis. 
a.The results are based on Mr value of 95,000 for goat band 3 protein. 
b. Values obtained from Fukuda et al. (1978). 
c. Extrapolated to zero times of hydrolysis. 
d. Values obtained at 48 h of hydrolysis. 
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Fig.25. 
Specificity of the antigoat band 3 antiserum. 
Goat rbc membrane polypeptide separated in the 
SDS-PAGE were subjected to electrophoresis in the 
second dimension in 1% agarose gel containing 
specific antiband 3 antiserum (10/ul/ cm2). The 
details of the experiment are given in the legend 




Crossreactivity of the antigoat band 3 antisera: The antisera appeared 
highly specific for band 3 polypeptide as evident from Fig.25. No 
crossreactivity was observed between the antiserum and spectrin or 
band 4. The antiserum, however, showed some crossreactivity with Nbr 
160,000 polypeptide. This behaviour is also evident from crossed 
iranunoelectrophoresis experiment shown in Fig.10. The crossreactivity 
could be observed in the region corresponding to band 3 and to some 
extent in Mr 160,000 region. No other polypeptide seems to crossreact 
with the antiserum (Fig.26). 
No crossreactivity was observed between the antiserum and the 
membrane preparations derived from human, rabbit, rat and mouse. 
Significant crossreactivity was, however, observed with the sheep 
membrane (Fig.27). 
-SH groups: -SH groups were estimated in purified band 3 polypeptide 
of goat rbc ghosts by ETTNB procedure.Three moles of -SH groups were 
found to present per mole of band 3 polypeptide as also evident from 
the amino acid composition (Table 7). No net decrease was observed in 
the number of -SH groups as a result of treatment with 5mM diamide for 
20 min (Table 8). The band 3 polypeptide could not be crosslinked to 
higher oligomers by treatment with 2 mM glutaraldehyde as well (Fig. 
29). 
Carbohydrate content: Goat rbc ghosts seem to contain about 25% more 
carbohydrates as compared to the of human rbc ghosts. Goat band 3 was 




Crossreactivity of antiband 3 antiserum with 
other polypeptides of goat rbcs. Immunodiffusion 
was performed between antiband 3 antiserum and 
solubilized goat rbc ghost proteins in agarose 
gels. The central well contained antiband 3 
antiserum and to wells 2,3,4 and 5 were added 
band 3, spectrin, band 4 and Mr 160,000 
polypeptide, respectively. 
Fig.27. 
Crossreactivity of antigoat rbc band 3 antiserum 
with the membranes derived from other mammalian 
rbcs. Immunodiffusion was performed by adding the 
band 3 antiserum in the central well and Triton X 
-100 (0.25%) solubilized rbc ghosts of goat, 
sheep, human, rabbit, rat and mice in the wells 




Effect of diamide on -SH groups of band 3 polypeptide isolated from 
goat rbc membrane. Band 3 isolated by preparative electrophoresis was 
exposed to 5 mM diamide (pH 8.0) for 20 min at 37 C. -SH concentration 
tration was determined using DTNB as described in text. 
Treatment amount of -SH groups number of -SH groups residual amount 
(nmole/mg protein) per mole of band 3 of -SH groups 
None 29.5 3.3 100 
Diamide 29.0 3.1 98 
Each value represents the mean of atleast three independent experi-
ments performed in duplicates. 
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Fig.28. 
Effect of -SH reagent on purified goat rbc band 3 
polypeptide: Goat rbc band 3 protein was iso-
lated and purified using preparative electropho-
resis as described in the text. Appropriate 
aliquots of band 3 solution prepared in 5T(8) was 
mixed with equal volume of 5 mM diamide (pH 8.0) 
for 20 min at 37 C. The protein was recovered by 
ethanol precipitation. Lanes a and b contained 
control and diamide treated rbc band 3 protein, 
respectively. 
Fig.29. 
Effect of glutaraldehyde on purified goat rbc 
band 3 pxalypeptide: Appropriate aliquots of 
purified goat rbc band 3 protein were treated 
with 2 mM glutaraldehyde and incubated for 20 min 
at 22 C. Band 3 was precipitated with 65% ethyl 
alcohol. Lanes a and b contained control and 





Carbohydrate content of the goat rbc ghosts and band 3 polypeptide. 
Hemoglobin -free goat and human rbc ghosts were prepared. Goat rbc 
band 3 was purified as described in the text. Phenol -sulphuric acid 
method as described in text was used for the estimation of 
carbohydrates. 
amount of carbohydrate 
(ug/mg protein) 
Human rbc ghosts 178 + 4.0 
Goat rbc ghosts 236 + 0.9 
Goat band 3 protein 94 ± 3.4 
Human band 3 protein* 64 
*Value obtained from Fukuda et al. (1978), 
DISCUSSION 
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Excellent information is available on human rbc membrane but data 
on those of other mammals is scant. Available evidence, however, 
indicates interesting evolutionary adaptations in the composition and 
function of various membrane constituents (Vincenzi, 1981; Lutz et 
al., 1976; Prokopchuk and Sargent, 1980; Farooqui et al., 1987). 
Goat and sheep rbcs differ substantially in a number of respects 
from the human rbcs. Goat rbcs are irregular or triangular in shape 
and differ quite remarkably from the typical biconcave disc shape of 
the human rbcs (Farooqui et al., 1987). They are rich in sphingo-
myelin but have barely detectable phosphatidylcholine (White, 1973). 
The transport systems especially those for the cations also appear to 
be unique in case of the sheep rbcs (Lauf, 1983). Genetic glutath-
ione deficiency also occurs in some varieties of goat and sheep (Agar 
and Smith, 1973). The band 4 protein of the sheep rbc membrane spans 
the bilayer like the major band 3 protein of the human (Land and 
Nermut, 1980). 
Some Ca2+ -dependent/induced processes, characteristic of several 
mammalian species, are also lacking in the goat and sheep rbcs. These 
include the deficiency of Ca2+ -sensitive phosphoinositide phosphodi-
esterase (Allan and Michell, 1977) and lack of membrane protein 
phosphorylation in response to Ca2+ and calcium ionophore treatment 
(Raval and Allan, 1985). More recently Farooqui et al. (1987) have 
shown that the goat rbcs are completely resistant to calcium and 
phosphate induced fusion. 
The polypeptide composition of the goat rbc membrane, as shown 
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in Fig. 2A, exhibits considerable similarity with that of the human 
rbc membrane. The molecular weights of most of the polypeptides of 
goat rbc membrane are comparable with their counterparts of the human 
rbc membrane (Table 2). As reported earlier (Lutz et al., 1976), an 
additional prominent band of Mr 160,000 was, however, characteris-
tically present in goat and sheep rbc membranes. In some samples, 
the Mr 160,000 band migrated as two bands of very close mobility. The 
glycoprotein composition of goat rbc membrane was, however, very 
different from that of the human rbc (Fig. 2B). The major glycoprotein 
in case of goat rbc is a very high molecular weight PAS-positive band 
of Mr 310,000. In addition, three smallar PAS-reacting bands could be 
located. The band corresponding to the major glycoprotein PAS-1 of 
human rbc was characteristically absent in the goat rbc membrane. The 
PAS-2 and PAS-3 bands of goat and human rbc membrane were, however, of 
comparable molecular weights (Table 3). 
The goat and sheep rbc membranes exhibited neither significant 
Ca2+ -stimulated crosslinking nor proteolysis (Fig.3). In contrast, 
Ca2+ stimulated the formation of large molecular weight protein adduct 
which was accompanied by 60-70% disappearance of band 3 and 
polypeptide of Mr 78,000 in case of human rbcs as also reported by 
Carraway et al. (1975) and Lorand et al. (1983). In rat rbc membranes, 
the polypeptide bands corresponding to Mr 200,000 and 95,000 almost 
disappeared and that of Mr 80,000 was significantly degraded. Some new 
polypeptide bands were located in the gel. The band with an apparent 
molecular weight of about 20,000 of Ca2+ -treated membranes might 
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represent the hemoglobin protomer, since Ca2+ are known to promote 
binding of hemoglobin with the membranes (Low et al., 1985). It has 
been shown earlier that rat rbc membrane contains highly active Ca2+ 
-stimulated proteinases (Kosower et al., 1983). Disappearance of Mr 
190,000 polypeptide and appearance of those of Mr 170,000 and 165,000 
was observed in case of rabbit rbc membrane exposed to Ca2+. However, 
incubation of goat rbc membrane even upto 3 hours witli Ca2+ was 
ineffective in causing significant degradation of the membrane 
proteins. Extensive proteolysis could be, however, seen in the case of 
human and rat rbcs under similar conditions^ (Fig.4). Crossed 
imnunoelectrophoresis using antiband 3 antiserum also failed to detect 
the fornation of smaller crossreacting peptides in response to Ca2+ 
-treatment (Fig.10). Similarly, Ca2+-stimulated degradation of 
membrane glycoproteins observed in the case of human rbc membrane 
(Lorand et al., 1983) could not be observed with goat rbc membranes 
(Fig.5). Since, the calcium -mediated effects could not be observed 
even in experiments in which the goat rbcs were loaded with calcium 
(Fig.6), the possible loss or dilution of an appropriate enzyme as the 
cause for .the lack of Ca2+ -mediated effects in goat rbcs can be ruled 
out. Raval and Allan (1985), however, observed significant degradation 
of band 4.1 in Ca2+ -treated sheep rbc membrane. Ca2+ loading of human 
rbcs results in the formation of cup shaped and crenated forms (Palek 
et al., 1974; Sheetz and Singer, 1977 and Fig.12). Ihe membrane-free 
heraolysate obtained from goat rbcs treated with calcium and ionophore 
A23187 was capable of inducing the^ ^^ g^jgs^ aiiiiyjg and proteolysis in 
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partially washed human rbc membrane (Fig.7). This suggests that 
calcium concentration is indeed elevated very markedly in the goau 
rbcs incubated with Ca2+ in the presence of the ionophore. The 
partially washed human rbc membrane apparently contains adequate 
transglutaminase and could be crosslinked by incubation with calcium 
alone (Fig.7). Similarly, Ca2+ -enriched boiled hemolysates from goat 
also induced the crosslinking in the human rbc membrane (Fig.8). This 
suggests that it is the Ca2+ and not some enzyme from i.he Ca2+ 
-enriched hemolysate that is resiX)nsible for the observed 
crosslinking. The ghosts incubated with boiled hemolysates contained 
large amount of hemoglobin presumably resulting from the binding of 
the denatured hemoglobin to ghosts in presence of Ca2+ . Incubation of 
washed goat rbc membranes with membrane-free human rbc hemolysates in 
presence of Ca2+, however, caused crosslinking and loss of some 
membrane proteins (Fig.9). The Ca2+ -mediated transglutaminase 
catalysed crosslinking as well as Ca2+ -actis/ated proteolysis appear 
to be independent processes as the latter can be specifically 
inhibited with pepstatin (Lorand et al., 1984). The two processes may 
be, however, interconnected since inhibitors of transglutaminase with 
no known effect on proteinases also restrict Ca2+ -activated 
proteolysis in human rbc membrane (Lorand et al., 1983; Lorand and 
Michalska, 1985). It has been suggested that aggregation of membrane 
protein .resulting from transglutaminase action may produce 
conformations favourable for proteinase action (Lorand et al., 1987). 
Vincenzi (1981) reported very low (Ca2+ +I%2+) -ATPase activity 
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in the goat rbcs. Our studies also show that the (Ca2+ +Mg2+) -ATPase 
activity of goat rbc membranes is about 200 times lower than that of 
human rbc membranes (Table 4). Very low levels of (Ca2+ +Mg2+) -ATPase 
are likely to lead to high intracellular calcium concentration. 
Indeed, our data (Table 2) shows that goat rbcs contain 3-5 times more 
Ca2+, as measured by atomic absorption spectroscopy as compared to 
that of human rbcs (Table 4). However, this concentration is far lower 
than that of plasma. In dog rbcs that also lack (Ca2+ +Mg2+)-ATPase, 
low intracellular Ca2+ levels are maintained by Na+ -Ca2+ exchange 
(Parker, 1979). Similar process may be responsible for maintaining the 
relatively lower Ca2+ in the goat rbcs also. Thus, unlike in human 
rbcs, Ca2+ may not play the role of regulatory ion in the senescence 
of the goat rbcs. Most of the senescence related alterations including 
cellular ATP depletion (Taylor et al., 1977), increase in rigidity 
(Carraway et al., 1975), decrease in the surface charge (Danon and 
Marikovsky, 1964), proteolysis (Croall et al., 1986) and crosslinking 
of the membrane proteins (Lorand et al., 1983) seem to be triggered by 
the elevated intracellular calcium concentrations. Lack of these 
processes suggest a novel Ca2+ -independent mechanism in the goat 
rbcs. It is of interest to note that goat rbcs have a life span 
comparable to that of human rbcs (Kaneke and Cornellius, 1962). 
Antiband 3 antibody binding and opsonization of aged rbcs appears 
to be involved in their clearance from the human circulation (Kay, 
1984). It is likely that such antibody -mediated mechanism may be 
responsible for recognition and removal of "aged" goat rbcs from 
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circulation. Antiband 3 antibody -mediated recognition and 
opsonization of cell may also be Ca2+ -mediated in view of the ability 
of Ca2+ to deplete cellular ATP and cause oxidative damage. Lutz et 
al. (1987) have shown that binding of antiband 3 antibody is increased 
in oxidatively stressed cells. Although, we have not studied the 
possible presence and role of antiband 3 antibodies in the goat blood, 
the possibility of aggregation of band 3 in aged rbcs and in turn its 
recognition by the antibodies is less likely in view of the apparent 
refractivity of the protein to this crosslinking. Apparently, not all 
the Ca2+ -mediated processes are absent in these cells since the goat 
and sheep rbcs have been shown to contain adequate calmodulin activity 
(Vincenzi, 1981). 
The major anion transport protein of the human rbc termed band 3, 
has been subjected to extensive investigations on structure or 
organization, oligomeric structure and function (see Jay and Cantley, 
1986 for review). Proteases have been widely employed to investigate 
the extracellular, bilayer-embedded and cytoplasmic domains of the 
band 3 (Yu and Steck, 1975b; Steck et al., 1976; Steck et al., 1978). 
While the isolated band 3 polypeptide is highly susceptible to 
proteolysis, it is also cleaved at some sites by trypsin,chymotrypsin, 
papain and pronase treatment in the intact red blood cells (Steck et 
al., 1976; Jennings and Adams, 1981; Morrison et al., 1985). In 
contrast, the goat band 3 polypeptide is highly resistant to cleavage 
even when the rbcs are exposed to 100 AJg/ml pronase for 12 h (Fig.12). 
Trj^sin treatment was also ineffective (data not included). No 
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significant cleavage of PAS-positive polypeptides could be observed 
after the pronase treatment of the goat rbcs (Fig.13). In view of the 
broad specificity of pronase, it is unlikely that the extracellular 
regions escape proteolysis due to lack of susceptible bonds. It is 
possible that the extracellular regions of the pol3/peptide are short 
and very compact and most of the regions being buried in the lipid 
layer. Amino acid composition data, however, show that goat band 3 
polypeptide is more polar than that of the human (Table 6), 
Alternatively, the projecting regions may be masked by the extensive 
glycosylated regions of the various glycoproteins. Extent of 
glycosylation of the various other glycoproteins is not known, but 
since the goat rbc ghosts contain about 25% more carbohydrate than 
human rbc ghosts (Table 9), the latter possibility can not be ruled 
out. Although rabbits immunized with goat rbc ghosts contain high 
titre of antiband 3 antibodies in their sera, it is not known if these 
are directed against the extracellular regions. Infact as also 
discussed later, the possibility of the antiband 3 antibodies reacting 
with the cytoplasmic domain is much higher (England et al., 1980) as 
the intramembranous and the extracellular regions are more conserved 
and consequently less immunogenic. 
Ghosts prepared from goat rbcs were quite susceptible to proteo-
lysis and most of the polypeptides were degraded especially on 
treatment with pronase (Fig.14). The Mr 160,000 peptide appeared 
rather resistant and small amounts of coomassie blue staining could be 
seen in this region even after extensive digestion with proteases. The 
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degradation product of band 3 is more clearly evident from the 
experiments shown in Fig.15 in which alkali-stripped membranes were 
used. Band 3 is the major component remaining in the human rbc ghosts 
after alkali stripping (Steck et al., 1976). Goat rbc ghosts subjected 
to such treatment, however, retained the Mr 160,000 peptide, some of 
the band 4 and other peptides suggesting their strong association with 
the membrane. Evidence for spanning of the bilayer by the band 4 of 
sheep rbc was provided by Land and Nermut (1980). Proteolysis of the 
alkali-stripped membrane yielded fragments of Mr 78,000, 55,000 and 
45,000. Even in pronase treated membranes, the Mr 55,000 peptide 
appeared most prominent. The identification of the band 3 degradation 
products was complicated by the presence of the prominant Mr 160,000 
in the alkali-stripped preparation. Mild treatement of human rbc 
membrane produces Mr 55,000 peptide resulting from the cleavage at 
cytoplasmic domain (Yu and Steck, 1975a). Ihe Mr 55,000 fragment can 
be further cleaved by chymotrypsin and papain into smaller peptides 
(Steck et al., 1976). In view of the high resistance of the Mr 55,000 
peptide to proteolysis, it appears likely that the band 3 polypeptide 
is also cleaved only in the cytoplasmic domain when the ghosts are 
incubated with pronase. 
Ready dimerization of band 3 in response to -SH oxidation has 
been observed by several workers in the human rbc membrane (Yu and 
Steck, 1975a; 1975b; Haest et al., 1977). These studies along with 
those using freeze-fracture (Weinstein et al., 1980) and optical 
probes (Dissing et al., 1979; Macara and Cantley, 1981) are taken as 
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evidence for the existence of band 3 as dimers/oligomers in the rbc 
membrane. Rabbit (Hosey et al., 1978) and bovine (Moriyama et al., 
1985) band 3 polypeptides could also be crosslinked with -SH oxidants 
as in the case of human rbcs. Infact, the widely accepted models (for 
review see Jennings, 1984) explain anion transport using the diraeric 
band 3. Data presented in Fig. 16,17 & Table 8 show that the goat band 
3 polypeptide is resistant to diamide and other -SH oxidants and the 
oligomeric material formed did not contain significant amount of band 
3 (Fig. 18). A^-though, significant quantities of band 4 and band 5 
could not be detected after the treatment of the aggregated material 
with p-mercaptoethanol, their crosslinking was clearly evident in the 
preparations treated with the -SH oxidants (Fig.15 and 17). It is 
likely that B-mercaptoethanol treatment is insufficient to cleave all 
the disulfides found as a result of diamide treatment. The -SH 
oxidants indeed caused marked oxidation of goat rbc membrane -SH 
groups (Table 5) which was comparable with the human rbc membrane. The 
lack of significant dimerization of band 3 polypeptide as a result of 
treatment with -SH oxidants of the spectrin-depleted rbc membrane 
(Fig.20), solubilized membrane (Fig.21) or purified band 3 (Fig.28), 
further suggested unusual structure/ organization of this protein in 
the goat rbcs. 
It is well established that all the cysteine residues responsible 
for the covalent dimer formation, are located in the cytoplasmic 
domain of human band 3 and all the -SH groups have equal likelihood of 
forming the dimer (Steck et al., 1976). Variability in the band 3 in 
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the different species is also confined to extreme N-terminal region of 
the cytoplasmic region (Jay, 1983; Kopito and Lodish, 1985). Ihe lack 
of reactivity to -SH oxidants may be still observed if the cytoplasmic 
domain does not contain -SH groups or if the -SH groups present, are 
organized in a manner that resists oxidation by the thiol oxidants. 
Ihe amino acid analysis of goat band 3, infact indicates that it 
contains only 3 residues as compared to 6 cysteines present in human 
band 3 (Table 6). It should be pointed out that the -SH groups are not 
essential for anion transport. Although, we have not addressed our 
studies to the location of the cysteine residues in the various 
domains, their absence from the cytoplasmic domain, would clearly 
explain the unusual behaviour of goat rbc band 3 to -SH oxidants. Our 
preliminary studies with glutaraldehyde (Fig.29) to eliminate this 
possibility. Further experiments are certainly needed to establish the 
nature of organization of band 3 polypeptide. It is evident from the 
amino acid composition (Tables 6, 7 and Fig.24) that the goat band 3 
polypeptide is similar though not identical with the human band 3. The 
goat band 3, however, appears more polar and less hydrophobic as 
compared to human band 3. 
Antibodies raised against electroeluted band 3 preparation 
crossreacted strongly with the band 3 but not with spectrin or band 4 
(Fig.26). Significant crossreactivity was, however, observed with Mr 
160,000 polypeptide as also evident from Fig.10 and 25. The role of 
this polypeptide which was also observed earlier in the sheep rbc 
membrane (Lutz et al., 1976) is not known and we do not have 
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sufficient data to support or rule out if the crossreactivity is only 
accidental or represents some definite structural similarity between 
the Mr 160,000 peptide and band 3. 
Antiband 3 antisera did not crossreact with the solubilized 
membrane components of human, rat, mouse and rabbit but showed strong 
crossreactivity with that of sheep (Fig.27). England et al. (1980) 
have also observed the lack of immunological cross reactivity of band 
3 between primates and non-primates. Infact, it appears that 
variability in band 3 among different species is largely confined to 
extreme N-terminal region which is cytoplasmic (Jay, 1983). It is 
quite likely that the antibodies formed in rabbits against the goat 
band 3 protein are directed towards the cytoplasmic domain and not to 
the extracellular or the membrane associated domain. While we have not 
studied the specificity of the antiband 3 antibodies against various 
domains of band 3, this is likely in view of the observation of Jay 
(1983) and Griestein et al. (1978). 
SUmARY 
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The polypeptide composition of goat erythrocyte membrane was 
studied using sodium dodecyl sulp^ate-polyacrylamide gel electrophore-
sis (SDS-PAGE). The major polypeptides migrated as their respective 
counterparts of the human erythrocyte'membrane. An additional band of 
Mr 160,000 was, however, present in the goat erythrocyte membrane. 
More marked differences were evident in the Periodic acid- Schiff's 
(PAS)-positive glycopeptides. The major glycopeptide component of goat 
red blood cell membrane exhibited very low mobility corresponding to 
a molecular weight of 310,000. There was present no PAS-positive 
component corresponding to the major glycoprotein of human red 
blood cell membrane. Significant staining was, however, observed in 
the regions corresponding to PAS-2 and PAS-3 of the human red blood 
cell membrane. 
Among the various mammalian red blood cell membranes investiga-
ted, the goat and sheep red blood cell membranes exhibited neither 
significant crosslinking nor proteolysis in response to 2.5 mM Ca2+. 
Very marked crosslinking could be observed in the human red blood cell 
membrane under these conditions. Most extensive proteolysis was, 
however, noticed in the case of rat red blood cell membranes. No 
significant crosslinking could be observed even when the goat red 
blood cells were loaded with Ca2+ with the help of the ionophore 
A23187. The membrane-free hemolysates obtained from goat red blood 
cells treated with calcium and ionophore A23187, were, however, 
capable of inducing crosslinking and proteolysis in partially washed 
human red blood cell membranes. Incubation of washed goat red blood 
cell membranes with membrane-free human red blood cell hemolysates in 
presence of Ca2+ also caused significant protein crosslinking and 
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presumably degradation of the membrane proteins . Goat red blood 
cells, unlike those of humans, did not undergo any shape change v^en 
exposed to Ca2+ and the ionopiiore A23187. 
Ihe goat red blood cell membrane exhibited barely detectable 
(Ca2+ +I^2+)-ATPase activity; Ihe activity was about 200-fold less 
than that of human red blood cells. As compared to human red blood 
cells, the goat red blood cells contained 3-5 fold more intracellular 
Ca2+. 
Band 3 polypeptide from goat red blood cell membrane despite its 
apparent similarity on the SDS-PAGE to its human counterpart, differed 
significantly from the latter in many respects. It was resistant to 
proteolytic fragmentation when the intact goat red blood cells were 
exposed to proteinases. Amino acid analysis revealed that goat band 3 
is more polar and less hydrophobic and contained half as many cysteine 
residues as that of human band 3. Ihe protein also contained higher 
amounts of carbohydrates as compared to the human red blood cells. The 
membrane glycopeptides were also highly resistant to proteolysis and 
there was hardly any difference between the pol)/peptide composition of 
membranes isolated from protease-treated or untreated goat red blood 
cells. Goat red blood cell ghosts were, however, quite susceptible to 
proteinase action which was more marked with pronase treatment. 
Proteinase treatment of the alkali-stripped goat red blood cell 
membrane yielded a prominant band of Mr 55,000 which might represent 
the cytoplasmic domain of band 3. 
Unlike in the case of human and other mammalian red blood cells, 
the -SH oxidants, diamide (5 mM), Cu2+. o-phenanthroline (5 mM Cu2+, 
50 AiM 1,10, o-phenanthroline) and phenylene dimaleimide (O.A mM) 
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failed to crosslink the goat band 3 to oligomers. Dimerization or the 
formation of the higher oligomers was also not observed v^en the 
spectrin-depleted goat red blood cell membranes were subjected to the 
diamide treatment. The oligoraeric material formed in response to 
diamide treatment, did not contain band 3 but migrated as spectrin and 
the band corresponding to Mr 160,000 in SDS-PAGE in presence of 
B-mercaptoethanol. Goat band 3 protein, either extracted from the 
membrane with Triton-X 100 or that isolated from preparative PAGE 
could not be crosslinked with 5 mM diamide. There was no significant 
decrease in the number of -SH groups of the band 3 protein as a result 
of diamide treatment. A preliminary study indicates that the isolated 
band 3 was resistant to dimerization /oligomerization on treatment 
with glutaraldehyde. 
Antibodies raised against pure goat band 3 protein did not cross-
react with the red blood cell membranes derived from other mammals 
including human, rabbit, rat or mice. However, crossreactivity was 
noticed with solubilized sheep red blood cell membrane. Antigoat band 
3 antisera crossreacted strongly with goat band 3 protein but not with 
spectrin or band 4. Significant crossreactivity was, however, observed 
with Mr 160,000 polypeptide. 
These studies suggest that the goat red blood cells differ 
substantially from that of human and other mammals in a number of 
important characterstics including Ca2+ -mediated effects as well as 
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Ca^ '*' does not promote crosslinking of proteins nor stimulate proteolysis in goat and sheep erythrocyte 
membranes. Neither crosslinking nor proteolysis was observed even when the goat erythrocytes were loaded 
with calcium with the help of calcium ionophore A23187. Membrane-free human erythrocyte hemolysate, 
however, induced Ca '^''-dependent crosslinking in goat erythrocyte membranes. 
Increase in the intracellular calcium causes al-
teration in shape and viscoelastic properties of the 
human erythrocytes [1-3]. The changes are attri-
buted primarily to Ca^'^'-mediated crosslinking be-
tween cytoskeletal matrix and membrane proteins, 
catalysed by transglutaminase [3]. Ca^''"-dependent 
transglutaminases are widely distributed and 
Lorand and Conrad [4] suggested that the enzyme 
mediated formation of large protein adducts lin-
ked via Y-glutamyl-e-lysine bonds might represent 
a general paradigm for cells undergoing terminal 
differentiation in the process of aging and dying. 
Erythrocyte membranes derived from several 
mammalian species also exhibit Ca^ "''-stimulated 
proteolytic activity [5]. Eaton et al. [6] reported 
that Ca^ ^ -mediated changes in shape and defor-
mability are not exhibited by the sheep erythro-
cytes. (Ca^''"-t-Mg^"'")-ATPase is very low in the 
sheep erythrocytes and almost absent from those 
of goat [7]. It was of interest, therefore, to in-
vestigate if Ca "^'" stimulated proteolysis and cross-
linking of the goat and sheep erythrocyte mem-
brane proteins. 
Freshly collected blood was used in all the 
Correspondence: M. Saleemuddin, Department of Biochem-
istry, Faculty of Life Sciences, Aligarh Muslim Umversity, 
AUgarh 202 002, India. 
experiments. Blood from various animals was col-
lected either by cardiac or venipuncture into 0.33 
vol. of acid/citrate/dextrose (ACD). Human 
blood in ACD was collected from apparently 
healthy donors. The erythrocytes were collected by 
centrifugation at 1000 X g for 10 min. The cells 
obtained were washed three times with 154 mM 
NaCl. The buffy coat was removed by aspiration 
after each centrifugatio». The ghosts were pre-
pared from the washed erythrocytes by hemolys-
ing in 40 vol. of 5 mM Tris-HCl buffer (pH 8.0) 
followed by washing with the same buffer as de-
scribed by Fairbanks et al. [8]. In order to induce 
Ca^ "'"-mediated crosslinking, the packed erythro-
cytes were hemolysed by mixing with 10 vol. of 5 
mM Tris-HCl (pH 8.0) containing 2.5 mM CaClj. 
The hemolysate was incubated at 37 °C for 10 
min, prior to separation of the membranes by 
centrifugation. lonophore A23187 was used to load 
the erythrocytes with calcium [3]. A 5 mM stock 
solution of ionophore A23187 was prepared in 
DMSO and was diluted 5-fold with 5 mM Tris-HCl 
(pH 8.0) containing 0.06 M NaCl, 0.1 M KCl and 
10 mM glucose (buffer A). 2 ml of the (50%) 
erythrocytes suspension in isotonic saline buffered 
with 5 mM Tris-HCl (pH 8.0), was mixed with the 
ionophore solution in buffer A to yield a final 
ionophore concentration of 20 /xM. Calcium was 
OOO5-2736/88/$O3.50 © 1988 Elsevier Science PubUshers B.V. (Biomedical Division) 
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added to the suspension to a final concentration 
of 2.5 mM. The mixture was incubated for 2 h at 
37 ° C. Following incubation, the erythrocytes were 
washed twice at 4 °C with buffer A containing 1 
mM EDTA and once with buffer A without 
EDTA. The cells were hemolysed, washed and the 
hemoglobin-free ghosts obtained were solubihsed 
in 2% SDS. Staining and destaining of the gels 
were carried out as described by Fairbanks et al. 
[8]. Electrophoresis was carried out on a 3-15% 
polyacrylamide gradient gel with 0.1% SDS by 
using the method of Fairbanks et al. [8]. 
Several reports indicate that Ca^^-dependent/ 
stimulated processes, characteristic of several 
mammalian species, are absent from the sheep and 
goat erythrocytes. These include the deficiency of 
Ca^ """-sensitive phosphoinositide phosphodies-
terase [9] and lack of membrane protein 
phosphorylation in response to Ca^^ and calcium 
ionophore treatment [10]. The latter effect is re-
lated to lack of diacylglycerol Upids in the outer 
layer of the membrane [11]. More recently, 
Farooqui et al. [12] have shown that the goat 
erythrocytes are also completely resistant to 
calcium and phosphate induced fusion. As shown 
in Fig. 1, the sheep and goat erythrocytes do not 
exhibit significant Ca^ ^ -stimulated crossUnking or 
proteolysis. In contrast, Ca "^^  stimulated the for-
mation of large molecular weight protein adducts, 
which was accompanied by 60-70% disappearance 
of band 3 and polypeptide of M^ 78000 was 
observed in case of the human erythrocytes as also 
reported earlier by Carraway et al. [13] and Lorand 
et al. [14]. In rat erythrocyte membrane, poly-
peptide bands corresponding to M, 200000 and 
95 000 almost disappeared and the polypeptide of 
M, 80000 was found to undergo very marked 
degradation. Some new polypeptide bands corre-
sponding to M, 55000, 50000, 28000, 25 000 and 
20000 were located in the gel. The band with an 
apparent molecular weight of 20000 in Ca^"^-
treated membranes might represent the hemo-
globin protomer, since Ca^"^ are known to pro-
mote binding of hemoglobin with the membranes. 
It has been shown eariier that rat erythrocyte 
membrane contains highly active Ca^ "^-stimulated 
proteinases [5]. Disappearence of M^ 190000 poly-
peptide and appearance of those of two new bands 
of M^ 170000 and 165000 were observed in case 
of rabbit erythrocyte membrane exposed to Ca^^ 
Ca"^  "^-stimulated degradation of membrane glyco-
proteins observed in case of human erythrocyte 
membrane [14] could not be observed in goat 
erythrocyte membrane (data not given). Evidently, 
the lack of Ca^ "^-mediated effects are not related 
to the loss or dilution of essential factors since the 
calcium loading of the goat erythrocytes with the 
help of ionophore A23187 also produced no ef-
fects related to transglutaminase or proteinase ac-
tion (Fig. 2). Under similar condition, Ca^ "^-medi-
ated effects were clearly evident in human 
erythrocyte membrane. Raval and Allan [10], how-
ever, observed significant degradation of band 4.1 
in Ca^"*^-treated sheep erythrocyte membrane. 
The membrane-free hemolysate obtained from 
the goat erythrocytes treated with 2.5 mM CaCl2 
and ionophore was capable of inducing the cross-
linking and proteolysis in partially washed human 
erythrocyte membranes (Fig. 3). This suggests that 
Ca^"^ concentration is indeed elevated in the goat 
erythrocytes incubated with CaClj and ionophore. 
The partially washed human erythrocyte mem-
branes apparently contain adequate transgluta-
minase and could be crosslinked by incubation 
with Ca^ "^  alone. Incubation of washed goat 
erythrocyte membrane with membrane-free hu-
man hemolysate in presence of 2.5 mM CaClj 
also induced crossUnking and loss of some mem-
brane proteins (Fig. 4). Evidently, the goat 
erythrocyte membrane proteins are not refractive 
to the transglutaminase-mediated crosslinking and 
lack of Ca^'*^-mediated response is the result of the 
enzyme deficiency. Absence of these and other 
Ca^ ^ -mediated responses like depletion of cellular 
ATP, increase in rigidity [15], loss of surface gly-
copeptides (our unpublished observation) that 
have been imphcated in red cell aging and senes-
cence suggest the operation of Ca^ "^-independent 
processes in these cells. Ca^ "^-mediated, trans-
glutaminase catalysed crosslinking and proteolysis 
appear to be independent processes as the latter 
can be specifically inhibited with pepstatin [14]. 
The two processes may be, however, intercon-
nected since inhibitors of transglutaminase with 
no known effects on proteinases, also restrict 
Ca^ ^ -activated proteolysis in human erythrocyte 
membrane [14,16]. It has been suggested that ag-
gregation of membrane proteins resulting from 
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Fig. 1. (Left panel) Effect of Ca'^* on the membrane proteins of the erythrocytes derived from various mammals. Rat (a, b), rabbit 
(c, d), sheep (e, f), goat (g, h) and human (i,j) erythrocytes were hemolysed, incubated with or without 2.5 mM CaClj for 10 min at 
37 ° C and were washed several times with 5 mM Tris-HCl (pH 8.0). The hemoglobm-free membranes were subjected to 
polyacrylamide gel electrophoresis in presence of 0.1% SDS as described in the text. Lanes (a, c, e, g and i) represent membranes 
incubated in absence of Ca^*. The bands are numbered according to the system of Fairbanks et al. [8]. The arrow represents the top 
of the gel. 
Fig. 2. (Right panel) Effect of Ca^ "*" loading on the membrane proteins of the human and goat erythrocytes. Human or goat 
erythrocytes were incubated with 2.5 mM CaClj and 20 ^M calcium ionophore A23187 for 30 min at 37°C as described in the text. 
The cells were subsequently washed and hemolysed and the ghosts obtained were subjected to polyacrylamide gel electrophoresis. 
Lanes (a) and (c) represent membranes derived, respectively, from the goat and human erythrocytes incubated with CaClj but 
without ionophore. Lanes (b) and (d) contained membranes derived from calcium and ionophore-treated goat and human 
erythrocytes, respectively. 
transglutaminase action might produce conforma-
tions favourable for proteinase action [17]. 
Vincenzi et al. [7] have found very low (Ca^"^ + 
Mg^^)-ATPase activity in the goat erythrocytes. 
We have also observed that the (Ca^ "*" + Mg "^* )^-
ATPase activity of goat red blood cells membrane 
is about 200-times lower than that of the human 
erythrocyte membrane. Very low levels of (Ca 2 + 
Mg^"^)-ATPase are likely to lead to high intracell-
ular calcium concentration. Indeed our pre-
liminary results show that goat erythrocytes con-
tain 3-5-times more Ca^^, as measured by atomic 
absorption spectroscopy, as compared to the hu-
man erythrocytes. Thus, unlike in human erythro-
cytes, Ca^ "*" may not play the role of regulatory 
ion in these erythrocytes. Apparently, not all the 
Ca^ ^ -mediated processes are absent in these cells 
since the goat and sheep erythrocytes have been 
shown to contain adequate calmodulin activity [7]. 
It is of interest to note that the erythrocytes of 
new bom sheep unlike those of adult sheep [7] 
contain higher levels of (Ca^"^-I-Mg^"^)-ATPase 
and Ca^ ^ -induced rapid ATP depletion and mor-
phological alterations in these cells [14]. The 
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Fig. 3. (Left panel) Crosslinking of the human erythrocyte 
membrane proteins incubated with membrane-free hemolysate 
derived from the calcium-loaded goat erythrocytes. Goat 
erythrocytes were loaded with 2.5 mM CaClj as described in 
text. The cells were hemolysed by mixing with three parts of 5 
mM Tris-HCl (pH 8.0). The hemolysate was centrifuged at 
llOOOX g to sediment membranes and three parts of the clear 
supernatant obtained was incubated with one part of the 
partially washed human erythrocyte ghosts (obtained by he-
molysing the erythrocytes in 40 vol. of 5 mM Tris-HCl (pH 
8.0) and subjecting them to only two washes with the same 
buffer) for 10 min at 37 ° C. The membranes were subsequently 
washed several times with 5 mM Tris-HCl (pH 8.0) buffer and 
subjected to polyacrylamide gel electrophoresis. Lanes (a) and 
(b) represent control and the hemolysate-treated human 
erythrocyte membranes, respectively. 
Ca^ "^-mediated effects, thus seem to be replaced 
by alternative mechanism during the maturation 
and growth of the animal. We are investigating 
these mechanisms in detail. 
We are grateful to Professor A.M. Siddiqi for 
helpful discussion and to University Grants Com-
mission for providing financial assistance to one 
of us (M.T.K.). 
Fig. 4. (Right panel) Effect of Ca^* and human erythrocyte 
hemolysate on the goat erythrocyte membrane proteins. The 
hemoglobin-free goat erythrocyte ghosts were treated with 
three parts of membrane-free human erythrocyte hemolysate 
prepared as described earlier, for 10 min at 37 °C. Ca^ "*" was 
added to a final concentration of 2.5 mM in the incubation 
mixture. The ghosts were washed and subjected to electro-
phoresis (b). Lane (a) represents the control ghosts incubated 
under similar conditions but without Ca^ "*". 
References 
1 Weed, R.L and Chailley, B. (1973) in Red Cell Shape 
(Bessis, M., Weed, R.I. and Leblond, P.F., eds.), pp. 55-68, 
Springer-Verlag, New York. 
2 Kirkpatric, F.H., Hillman, D.G. and LaCelle, P.L. (1975) 
Experientia 31, 653-654. 
3 Smith, B.D., Lacelle, P.L., Siefring, G.E. Jr., Lowe-Krentz, 
L. and Lorand, L. (1981) J. Membr. Biol. 61, 75-80. 
4 Lorand, L. and Conrad, S.M. (1984) Mol.' Cell. Biochem. 
58, 9-35. 
5 Kosower, N.S., Glaser, T. and Kosower, E.M. (1983) Proc. 
Natl. Acad. Sci. USA 60, 7542-7546. 
6 Eaton, J.W., Berger, E., White, J.G. and Nelson, D. (1977) 
in Erythrocyte Membranes: Recent Clinical and Experi-
mental Advances (Kruckeberg, W.C., Eaton, J.W. and 
Brewer, G.J,, eds.), p. 37, Liss, A.R. Inc., New York. 
169 
7 Vincenzi, F.F. (1981) in The Red Cell: Fifth Ann Arbor 
Conference, pp. 363-378, Liss, A.R. Inc., New York. 
8 Fairbanks, G., Steck, T.L. and Wallach, D.F.H. (1971) 
Biochemistry 10, 2606-2617. 
9 Allan, D. and Michell, R.H. (1977) Biochem. J. 166, 
495-499. 
10 Raval, P.J. and Allan, D. (1985) Biochem. J. 232, 43-47. 
11 Nelson, G.J. (1972) in Blood Lipids and Lipoproteins: 
Quantitation, Composition and Metabolism (Nelson, G.J., 
ed.), pp. 317-388, Wiley-Interscience, New York. 
12 Farooqui, S.M., Wah, R.K., Baker, R.F. and Kalra, V.K. 
(1987) Biochim. Biophys. Acta 904, 239-250. 
13 Carraway, K.L., Triplett, R.B. and Anderson, D.R. (1975) 
Biochim. Biophys. Acta 379, 571-581. 
14 Lorand, L., Bjerrum, O.J., Hawkins, M., Lowe-Krentz, L. 
and Sierfring, G.E. Jr. (1983) J. Biol. Chem. 258, 5300-5305. 
15 Eaton, J.W., Berger, E., White, J.G. and Nelson, D. (1978) 
Prog. Clin. Biol. Res. 20, 37-49. 
16 Lorand, L. and Michalska, M. (1985) Blood 65, 1025-1027. 
17 Lorand, L., Barnes, N., Bruner-Lorand, J.A., Hawkins, M. 
and Michalska, M. (1987) Biochemistry 28, 308-313. 
